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of compressed air. 
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THE PRESSURE DROP THROUGH 


POPPET VALVES* 
By Charles Edward Lucke, Ph. D. 

1. All gas most air compressors 
and ice machines and many steam engines, are 
fitted with poppet valves to control the fluid 
flow into or from the cylinders. These ma- 
chines operate at widely different piston 
speeds and use fluids of widely differing den- 


engines, 


sities with consequent varying velocities 
through the valves. The pressure drop for a 


given rate of flow, however, is dependent up- 
on the fluid density, as well as its velocity, the 
form of opening, the form of approach and 
exit, the character of the flow, whether steady 
or intermittent, the inertia of the fluid and the 
friction of the passages. 
drop through the 


Although pressure 
valve is necessary to secure 
any flow whatever, such pressure drop is det- 
rimental to the machine, causing, as it does, 
undesirable piston resistance and reduced vol- 
umetric efficiency of the cylinder. Pressure 
drop is reduced to a minimum in designing 
by allowing proper minimize 
fluid velocity, but too large a poppet valve for a 
given gas, or too large a lift for any given 
valve, introduces features of design equally as 


valve area to 


bad as too small a valve opening. 
er is thus forced to follow 
admitting 


The design- 
a middle course 
drop through the 
valve, but not reducing fluid velocity so low as 
to require 


some pressure 


valves of excessively 


eter or excessively large lift. 


large diam- 
To design such 
a valve there should be available experimental 
data on the relation between pressure drop and 
the conditions tending to produce 
it cannot be 


because 
calculated on theoretic grounds, 
but on investigation it will be 
information is unavailable. 
2. The tests reported here had for their 
object the determination of some such exper- 


found that sucn 


*Abstract of paper read before the American Society 
of Mechanical Engineers. 
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imental data on the relation between pressure 
drop through a poppet valve and the condition 
of flow, form of opening, etc., that give rise 
to the pressure drop observed. For any given 
velocity of flow the pressure drop will be 
greatest and most easily measured with a less 
dense fluid; for this reason atmospheric air 


was used. The gas engines in the experiment- 


al laboratories of Columbia University have 
poppet valves with flat and conical seats and 
are operated both automatically and by cams. 






Daimler Valve 


These 


valves were so arranged for these tests 
as to allow measured quantities of air to flow 
both steadily and intermittently with various 
valve lifts and in both directions through the 
valves. The valve lift was measured by one 
special attachment for the tests made on the 
engines themselves and another for the tests 
on the detached valves with steady flow. The 





















































Sie Daimler Valve Casing 
Plate || clamp {Tt ¥) Valve TT cum 
cump (TT cover |] PL} ———> E 
L rH r 4 1 }sYasher I nal | | 
+ = j ite 
| ee , whee ee Ke se ht 
' Ce Hote i! it tt 
‘ H ripe oa \! it se 
' | $37 8 tt tt a it 
[eae oe OO acs 
Jad ie 
J's | ; 8 tt i" 
| Hott it 
| oo paneer! 
| | eee == 
: ee a 
— “ ww 
J 
Fie. 2 


air was measured by a large Westinghouse 
meter and all pressure drops were measured 
in inches of water on a manometer. The ex- 
perimental work was carried out as a thesis 
problem by two students of the graduating 
class, Mr. R. M. Strong and Mr. F. W. Holl- 
man, to whom proper credit should be given. 
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3. The flat seat valve used was one from 
a Daimler engine, 1.58 inch inside diameter, 
arranged as shown in Fig. 1. For steady flow 
runs it was held open by small copper wedges 
carefully ground to size, three being used at 
a time, inserted at the outside edge of the 
valve so that the valve opening, which is meas- 
ured by the inside edge of the valve, would 
not be restricted by the wedges. These wedges 
were of such size as to allow of four different 
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lifts, 0.05, 0.10, 0.15 and 0.20 inches respective- 
ly. For each opening that the valves held rig- 
idly between the valve and its seat, air was 
blown through the valve at varying rates with 
varying resulting pressure drops up to 30 
inches of water. The arrangement of appara- 
tus for carrying out this part of the work is 
shown in Figs. 2 and 3. Fig 2 is the arrange- 
ment used when the direction of flow was from 
the inside to out, and Fig. 3 is the arrange- 


ment of both directions as the valve fastening: 


here is reversible. 
4. The conical seat valves were furnished 


by a Nash gas engine and had diameters of 
1% and 2 inches. The small valve on the 
engine is used for the gas inlet and the larger 
for mixture inlet. The arrangement for steady 
flow runs are shown in Fig. 3. 

5. Throughout this part of the work on 
steady flow of air, the air was measured be- 
fore it reached the valve, and at a pressure 
higher than atmosphere, pressure drop  oc- 
curring between meter line and atmosphere 
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Fig. 4 


and the manometer indicating the pressure 
drop, as shown in Fig. 5, as used. Flow of air 
from inside out is equivalent to exhaust 
stroke. For determining the readings of the 
meter and the pressure drop for the conical 
valve, when the flow of air was to be reversed, 
that is to say in the exhaust valve direction 
the entire valve and piping, as shown in Fig. 
3, was enclosed in a chamber, and air was 
supplied to this chamber. The air then passed 
through the valve and out by a pipe whici 
was used as a suction pipe on the engine. 

6. The second series of runs was made with 


sores 
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the valves located on the engines as they or- 
dinarily operate. For this purpose a Daimler 
engine was piped to a meter so that it caused 
a slight back pressure. The meter therefore 
measured the discharge of air after exhaust. 
The engine was then driven by a belt from a 
steam engine, and runs were made covering a 
range of speeds. The valve being automatic 
it was provided with stops so that the great- 
est openings corresponded to those for the 
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Fig. 5 
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Fig. 6 
steady flow of runs, 0.05, 0.10, 0.15 and 0.20 
inches. The actual lifts were drawn by an 
indicator, the piston rod being fastened to the 
valve stem. Pressure drops were measured by 
indicators on the cylinder carrying a 10-pound 
spring. After the readings for this valve were 
obtained the meter position was changed so 
that the engine would draw air through the 
meter before it reached the cylinder. In this 
case the pressure drop was from atmosphere 
to something below, while in the other case it 
was from something above atmosphere to 
something jess, but still above atmosphere. As 
before, the engine was operated at a number 
of different speeds and the pressure drop 





through the exhaust valve was measured by 
the 10-pound spring indicator on the motor 
cylinder. This indicator card in fact gave the 
pressure drop through both valve courses on 
one diagram. The exhaust valve on this en- 
gine is mechanically opened by cams so that 
no stop could be used to adjust the openings 
to any desired limit. The actual lift of this 
valve was measured at any point of the stroke 
mechanically by causing a pencil fastened to 





Fig. 7 
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Fig. 8 
the stem to draw a line on the indicator drum 
so that the lift is given for every point of the 
stroke and having differing actual piston 
speeds. 

7. Intermittent runs were also made on the 
Nash engine, on which all valves are mechan- 
ically operated. Here the valve runs were 
measured as on the exhaust valves of the Da- 
imler by attaching a pencil to the valve stem. 
Pressure drops were shown as before, on the 
10-pound scale indicator card from the motor 
cylinder. There were two inlet valve determ- 
inations. First for the small valve used on the 
engine for the gas inlet, and second for the 
larger valve controlling the mixture admission 








4028 


to the motor cylinder. 
ated together. 


These were not oper- 
When the small one was being 
used the large one was held open and the air 
pipe plugged. When the large one was being 
used the small one was removed. In making 
the measurements on the exhaust valve the 
air for the engine, instead of being sent 
through the air pipe, was taken through the 
opening left by the removal of the small gas 
valve. 
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linear velocities of crank pin by the piston 
speed factors above. The Daimler engine had 
a bore of 3 15-16 inches and a stroke of 5 9-16 
inches, giving a crank pin velocity of 145.6 
feet per minute at 100 revolutions per minute. 

9. The Nash engine had a bore of 6% 
inches and a stroke of 10 inches, giving a 
crank pin velocity of 261.8 feet per minute at 
30th engines had 
connecting rods five cranks long. 


100 revolutions per minute. 
















































































COEFFICIENT OF EFFLUX CURVES FOR STEADY FLOW OF AIR THROUGH A 
CONICAL-SEAT VALVE (NASH INLETGAS VALVE) 
Valve Lift =.05' |___ niet - per Fig. Density Atmospheric 
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8. At each point of the stroke the piston 
speed can be found from the following table: 
Suction Stroke Completed, Piston Speed Factor, 


.0900 0.000 
.0796 0.587 
.2878 0.954 
5505 1.000 
7878 0.778 
9455 0.413 
1.0000 0.900 
Exhaust Stroke Completed, Piston Speed Factor. 
.0000 0.000 
0543 0.413 
.2122 0.778 
.4495 1.000 
7122 0.954 
.9204 0.587 
1.0000 0.099 


Actual piston speeds are to be found for 


any revolutions per minute by multiplying 


10. Valve openings are computed in the 
work for flat seats as the product of the cir- 
cumference of the inner circle and valve lift, 
and for conical valves as by the formula: 


wdh mh" 





for small lifts. 
ay 2\/2 

11. The first runs were made on the flat 
seated Daimler valve, with a steady flow of air 
and the results are given in the curves and 
tables. In every case the density of the air 
measured by the meter is reduced to atmos- 
phere and given both ways in the tables. The 
column called “Theoretical Velocity” is com- 
puted on air at atmospheric density by the us- 
ual formula of V\/2gh. The ratio of the act- 
ual velocity to the theoretical velocity gives 
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what is called the “Co-efficient of Efflux,” and 
this appears for atmospheric air as well as for 
the air at meter density. It will be seen from 
the tables that the co-efficients computed in 
this way are nearly alike, and that the error 
in assuming the air measured by the meter to 
be not very different from the atmospheric air, 
is not great and the difference may in general 
be neglected. In the between the 
pressure drop and co-efficient of efflux it is 
seen that the co-efficient is greatest for the 
smallest opening and least for the largest 
On the assumption of gas density 


curves 


opening. 
being that of the higher pressure while pass- 
ing through the valve, it appears from the 
co-efficient curves that the greater the press- 
ure drop the smaller the co-efficient; on the 
contrary, when the density is that taken for 
atmospheric pressure, these co-efficients of ef- 
flux seem to be nearly constant for all press- 
ure drops. The exhaust flow, or rather the 
flow in the opposite direction or flow in the 
exhaust direction, shows the results that seem 
to follow similar laws for the inlet, but the 
velocity and the co-efficients smaller. 
The errors involved in the work are not great- 
er than one per cent. for the meter observa- 


were 


tions, and for valve area computations on the 
flat valve may be neglected, but may be as 
much as ten per cent. for valve area compu- 
tations on the conical valve, in spite of all 
care. 
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CONICAL SEAT VALVES. 
(Diameter of opening = 1.5 inches.) 
DirEcTION OF FLow FROM INSIDE TO OUTSIDE 
OF VALVE AS IN “INLET.” 

Run 1 (A). 
Valve fixed at I-20-inch lift. 
ing = .001351 square feet. 


Area of open- 
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sarometer 30.00 inches Hg. Average temp- 








erature of Air=77 degrees Fahr. 
a e = = . eo 
£ S15. 8 3 |> Bf 
— is) at a | ~ vu 
e 35 rE .S 1 2) § xS0 
+ 2a | esas 22 | 3282 
iA 5 9 = § 3 
= o~ iC) <O o te 
~ > - ~ om 
1 4,.21| 3,160] .... 4,020 .786 | .788 
2 | 630 4,660 4,460 5,685 (820 ‘824 
9.41 6,960| .... 8,040 .866 875 
6 11.75 | 8,690] .... 9,847 | 1884 | 897 
9 14 50 10,720, .... 12,060, .890 .910 
12 16.80 12,430, 13,926 .893 919 
15 18.75 13,880 15,570 890 =. 923 
20 21.60 15,990 17,978 .889  .935 
25 23 95 17,710 20,100 882 938 
30 26.00 19,230, ... | 22,019 .873  .940 
2%" Hg. | 27.65 sees | 23,420] .864 ae: 
3 ” He. 30.00 eos 25,370 .875 . 
3144"" He. 31.80 Ft T20)| 849 | .cce 
4 "He. | 33.5 eee | 29,680] .886 
5 ” Hg. 06:0 | SEZIO |) ccs 33,130  —_.823 
6 "Hg, | 38.7 | 28,620] .... | 36,302| .789 


Run No. 2 (A). 
Valve fixed at 1I-10-inch lift. Area of open- 
ing = .002391 square feet. 
Barometer = 29.93. inches Hg. Average 
temperature of Air =8o0 degrees Fahr. 


| 





per Min.) 





Pressure Drop. 


1 9.19 3,841 pate 4,020 .925 .927 
2 | 18.90) 5,520) .... 5,685 .972 .977 
3 { 16.44] 6,875] .... 6,963 984 991 
5 | 21.40} 8,950) 8,850 8,990 985 998 
9 29.00 | 12,120 12,000 12,060 .994 | 1,013 
14 35.68 | 15,400 | 14,800 15,042 .984 | 1,019 
20 | 42.20 | 17,650 17,978  .982 | 1.033 
25 | 46.50 19,450 20,100 .968 1,030 
30 50.20 | 21,000 22,019 (954 1.027 


Run No. 3 (A). 
at 3-20-inch lift. Area of open- 
Barometer = 30.17. inches Hg. 

temperature of Air = 76 degrees Fahr. 


Average 
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1 13.68 3,755 cece 4,020 .935 .931 

2 19.45 | 5,340| .... 5,685 | .940 945 

3 23.80 6,640) .... 6,963 | .940 947 

4 27.40 7,525 7,600 8,084 .940 .949 

6 33.85 | 9,300] .... 9,847 | (945 959 

8 38.85 10,680 Saag 11,370 .940 .959 

10 42.40 11,850 12,713 | .932 956 

13 48.60 13,400 14,494 .926 957 

15 52.00 14,300 = 15,570 .919 954 
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Run No. 4 (A). 

Valve fixed at 4-20-inch lift. 
ing = .00494 square feet. 

Barometer = 30.17 inches Hg. 


Area of open- 


Average 


temperature of Air = 78 degrees Fahr. 
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6 | 4150| 8,400] .... 9,844 | .854 | .867 
8 | 47.05) 9,520! J... | 11,370) (838 | 1855 
10 | 52.60| 10,650! .... | 12,713! .838 | .859 
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13. To most effectively obtain the co-effi- 
cient of efflux and their variations with con- 
ditions they are plotted in two sets, Fig. 16 
for flat valves and Fig. 17 for conical. 


INTERMITTENT FLOW. 


14. As actually used in the engine the detri- 
mental effect of suction pressure drop is first 
lost work measured by the mean _ suction 
pressure taken by the planimeter from the 
pressure drop diagram, and second a lost vol- 
ume or decreased volumetric cylinder efficien- 
cy shown by the fraction of stroke at which 
the compression line crosses atmosphere. The 
values for these are given in the tables. 

Similarly for exhaust or discharge the first 
effect is one of resistance measured by the 
mean pressure above atmosphere on the press- 
ure drop diagram. In gas engines, however, 
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CONICAL SEAT VALVE. Part B. 
(Valve with housing as in Fig. 3). 
DirECTION OF FLow FROM OUTSIDE TO INSIDE OF 
VaLveE as IN “Exnaust.” Run No.1 (B). 
Valve fixed at 1-20-inch lift. Area of open- 

ing = .0O135I square feet. 
Barometer = 29.69 inches Hg. Average 
temperature of Air=77 degrees Fahr. 





















a  - g e 5 : 2S 
> 2-4 ons ' c v 7 =u 
Es | Se Zz ise = o ic &s 
sos a. =" (S588 FS 
gs | 22 | Sc |28cs 
a 52 | = |Sse5= . 
1 3.85 2,870 2,900 4,020  .721 723 
2 5.77 4,270 e2ce 5,685 .752 756 
3 7.15 5,280 wee 6,963 . 758 764 
5 9.40 6,960 eae 8,990 . 784 794 
7 11,22 8,300 8,200 10,636 ‘71 785 
10 13.48 9,960 9,880 12,713 .776 796 
12 14.75 10,910 10,800 13,926 .775 .799 
15 16 40 12,120 pain 15,570 .779 .809 
20 18.94 14,100 17,978 .777 .817 
25 20.92 145,470 20,100 775 .825 
30 22.85 16,910 22,019 767 .827 


the terminal exhaust pressure measures the 
dilution of fresh charge by hot burnt gases. 
This is also given from the indicator cards. 


Run No. 2 (B). 

Valve fixed at 1-10-inch lift. 
ing = .00239I square feet. 

Barometer = 29.81 inches Hg. Average 
temperature of Air=77 degrees Fahr. 


Area of open- 
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FLOW OF 
VALVE) 


THROUGH 


EFFLUX CURVES FOR 
FLAT-SEAT VALVE (DAIMLER 
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Run No. 3 (B). 
Valve fixed at 3-20-inch lift. Area of open- 
ing = .00364 square feet. 
Barometer = 29.84 inches Hg. Average 
temperature of Air =8o degrees Fahr. 
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5 28 39 GAOO | vice 8,990  .867 .878 
7 35.33 | DDD | cas 10,636 | .857 .872 
10 39.38 10,800 eo 12,713 849 | .871 
15 46.70 12,820 13,000 14,570 835 | .867 
20 53.85 | 14,800... 17,978 | .824 | .866 


Run No. 4 (B). 
Valve set at 2-10-inch Hg. Area of open- 
ing = .00494 square feet. 
3arometer — 29.84 inches Hg. Average 
temperature of Air = 82 degrees Fahr. 
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1 15.51 3,140 cee 4,020 . 780 . 782 
2 21.9 4,430 ee 5,686 .780 . 784 
3 24 4 4,940 5300 6,963  .760 . 766 
5 34.40 6,960 mee 8,990 .7175 .785 
7 40.25 8,150 “was 10,636 . 766 .780 
10 47.25 9,560 sexe 12,713 .751 .770 
12 50 85 = 10,290 surélie 13,926 .738 .761 


Run No. 1 (B). (NAsu.) 
(2-inch diameter conical seat valve. Inter- 
mittent exhaust flow.) 
Mean lift of exhaust valve = .535 inch. Av- 
erage temperature of air=8&1 degrees Fahr. 
Taste No. 1. 


Cubic Feet of Mean Resist Terminal 
Speed R. P. M. Air pumped ance to Discharge 

per Minute. Discharge Pressure 
80 7.6 . 
117 10.80 xe i 
151 13.80 2 8 
185 16.50 .25 
210 18,25 3 1,2 
253 21.10 4 2.4 
283 23.00 5 2.6 
320 38 20 | 6 3. 








Run No. 2 (A). (Nasu.) 
(2-inch diameter conical seat valve, inter- 
mittant inlet flow, Nash engine.) 
Mean lift of inlet valve = .393 inch. Aver- 
age temperature of air=8o0 degrees Fahr. 











Tas_e No. Tf. 


| 


Cubic Feet Piston Dis | Mean 

Speed of Air placement Per Cent. Resist 
R.P M. pumped per (Cu. Ft. per | lost volume ance to 
Minute. Minute.) Suction 

102 9.46 9.79 5.32 

138 12.53 13 23 6.29 ee 

176 16,21 16.90 4.08 | 
208 18.94 19.99 5.26 25 

247 22.10 23.72 6 84 57 

296 26.02 28.42 8.44 71 


INTERMITTENT Flow. ConicaL SEAT EXHAUST 
VALVE. (DAIMLER ENGINE.) 
Run No. 1 (B). 
(1.25-inch conical seat valve. Intermittent 
exhaust flow.) 





Mean lift exhaust valve = .333 inch. Aver- 
age temperature of air =85 degrees Fahr. 
Max. lift inlet valve =.1o inch. 


TapBLe No. T. 


Cubic Feet of Mean Resist- Terminal 
Speed R. P. M. Air pumped ance of Discharge 

per Minute. Discharge. Pressure. 
159 2.83 
200 3.69 ca eee 
250 4.63 one about .1 
300 5.56 | 20 
350 6.54 | 2 
400 7.56 15 3 
450 8.50 15 3 
500 9 39 me 5) 3 
570 10.41 25 | a) 





INTERMITTENT FLow. Conicat SEAT VALVE. 
(Nasu ENGINE). 
Run No. 1 (A). 
(1.5-inch conical seat valve, cam opened, in- 
termittent inlet flow.) 
Mean lift of exhaust valve = 226 inch. Av- 
erage temperature of air=8o degrees Fahr. 
Max. lift inlet valve =.1to inch. 





TABLE No. T. 


Speed Cubic Feet Piston Dis- Mean 
R. P. M. of Air placement Per Cent. Resist 
(Average pumped per (Cu. Ft. per lost volume., ance to 

during run. Minute. Minute.) Suctior 
63 4.66 5.09 3.30 .36 
96 8.73 9 22 5.32 53 

116 10,25 11.13 7.79 64 

140 12.23 13.43 9 00 .73 

161 14.19 15.45 8.15 1.07 

185 15.75 17.75 11,28 1,29 

205 17.10 19.70 13 21 1.35 

225 18.35 21.60 15.05 1.64 

237 19.10 22.75 16.05 1.68 

250 19.60 24.00 18 .34 2.07 

258 21.20 27.65 23.30 2.30 

316 22.65 30.32 25.30 2.65 


PR 


bite daiatina ae 


COMPRESSED AIR. 


FLOW OF AIR THROUGH CIRCU- 
LAR ORIFICES UNDER LOW 
HEADS 


The following is an abstract from a long ex- 
perimental investigation reported by Mr. R. J. 
Durley (Montreal, P. Q.) in a paper read be- 
fore the Society of Mechanical 
Engineers, entitled “On the Measurement ot 
Air Flowing Into the Atmosphere through 
Circular Orifices in Thin Plates and Under 
Small Differences of Pressure.’ The work 
covered heads of I-in. to 5 ins. water, and ori- 
fices up to 4 ins. diameter. 


American 


The following 
formula was adopted to express the results: 
Discharge in pounds per second, 
fi 
= 0.6299 C d* \/—, 
T 
where C is an experimental coefficient ; 
d= diameter of orifice in inches; 
difference in inches of water ; 
absolute temperature of the air, Fahr. 
The following values were found for the 
coefficient C: 
COEFFICIENTS OF DISCHARGE FOR VARIOUS 
HEADS AND DIAMETERS OF ORIFICE. 


i pressure 





Diameter 
of Orifice 1-in. -in. 3-in 4-in, 5-in. 
Ins. Head, Head. Head, Head. Head. 
5.16 0.603 0606 0610 0613 #0616 
14 0.602 0.605 0.608 0610 0.613 
I 0.631 0.603. 0.605 0.606 0.697 
14 0.601 0.601 0.602 0.603 0.603 
2 0.600 0.600 0.600 0.600 0.600 
2% 0.500 0.509 0.5090 0.598 0.508 
3 0.5909 0.598 0.507 0.506 0.596 
3% 0.500 0.5907 0.5906 0.595 0.594 
4 0.5908 0.507 0.595 0.504 0.503 
4¥%2 0.508 0.596 0.504 0.503 0.592 


(Barometer at 30 ins.) 

lhe general conclusions are thus stated: 

(1) The coefficient for small orifices increases as 
the head increases, but at a lesser rate the larger the 
orifices, till for the 2-in. orifice it is almost constant. 
For orifices larger than 2 ins. it decreases as the head 
increases, and at a greater rate the larger the orifice. 

(2) The coefficient decreases as the diameter of 
the orifices increases and at a greater rate the higher 
the head. 

(3) The coefficient does not change appreciably 
with temperature (between 40° and 100° F.). 

(4) The coefficient (at heads under 6 ins.) is not 
appreciably affected by the size of the box if the ratio 
of the areas of the box and orifice is at least 20:1. 


The orifices used were bored (straight) in 
iron plates No. 15 B. & S., or 0.057-in. thick. 
The experiments were made at McGill Uni- 
versity, Montreal, by Messrs. F. E. Sterns 
and G. M. Smith. 
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A COMPRESSED AIR FIRE 
ENGINE 


A most interesting application of Com- 
pressed Air has just been made by the city of 
Norwich, Connecticut. The city has a central 
compressed air power plant in which the air 
is compressed by hydraulic machinery and 
distributed throughout the city in mains laid 
beneath the streets. Fire Chief Stanton states 
that as this air is distributed through- 
out the principal business streets, he has de- 
cided to have connections made with all the 
hydrants in the business district; it will then 
be possible to connect the fire engines direct- 
ly to the source of compressed air supply and 
operate them in that way. 

Air is supplied under 90 pounds pressure 
and it has been demonstrated that such a 
pressure for compressed air will do the same 
work as I10 pounds of steam, owing to the 
fact that the air pressure is always steady 
and does not run down under any conditions. 

The city has just purchased a new Amer- 
ican La France fire engine, known as the 
Metropolitan style, and this engine has been 
equipped with an extra throttle and air hose 
connection, to reach from the curb to the 
engine, about ten feet long. It will then be 
possible to connect with the compressed air 
supply at the same time that the water con- 
nection is made, and the engine can be started 
up without delay. 

The idea of operating the fire engines of 
Norwich by compressed air originated with 
Howard L. Stanton, Chief of the Fire De- 
partment. He states that in case they have any 
trouble with freezing at the exhaust, a smail 
fire will be started in the boiler; thus far, 
however, the engines have not been given a 
sufficient test under the new conditions to de- 
termine how practicable this system is. 


* Fe 
UNIVERSITY OF ILLINOIS 


A liquid air plant has been set up by the 
Department of Physics. The liquetier is a 
Hampson apparatus, imported from London. 
It receives air compressed to 2,500 to 3,000 
pounds. The compressor belongs to the De- 
partment of Mechanical Engineering, and is a 
four-cycle machine, made by the Norwalk Iron 
Works. The capacity of the liquefying plant 
is about one liter per hour, to produce which 
about 10 HP. is required. It is said that only 
two or three other American universities own 
liquid air plants. 
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THE REPORT OF THE CONSULT- 
ING ENGINEERS FOR THE 
PANAMA CANAL* 


The most important document in the en- 
gineering history of the Panama Canal to date 
is probably the report of the Board of Con- 
sulting Engineers, consisting of Maj.-Gen. 
George W. Davis, chairman; Mr. Alfred No- 
ble, chief engineer of the East River Division 
vf the Pennsylvania, New York & Long Island 
R. R.; Mr. William Barclay Parsons, until 
recently chief engineer of the New York Rapid 
Transit Railroad Commission; Prof. William 
H. Burr, of Columbia University, consulting 


gineers, General Staff, U. S. A., was appointed 
secretary of the Board by the President. The 
first meeting of the Board was on September 
I, 1905, and its report is dated January Io, 
1900. 

By order of the President there were sub- 
mitted to the Board for its consideration “the 
various plans proposed to and by the Isthmian 
Canal Commission.” These included a plan 
prepared by the old commission on isthmian 
routes, one prepared by the Technical Commit- 
tee of the New Panama Canal Commission, 
three projects prepared by Mr. Lindon W. 
Bates, the more important results of recent 
surveys, a paper prepared by Mr. B. Bunau- 











PACIFIC OCEAN 














engineer of the Board of Water Supply of New 
York City; Brig.-Gen. Henry L. Abbot; Mr. 
Frederic ‘P. Stearns, chief engineer of the 
Metropolitan Water and Sewerage Board; Mr. 
Joseph Ripley, general superintendent of St. 
Mary’s Falls Canal; Mr. Isham Randolph, 
chief engineer of the Sanitary District of Chi- 
cago; Mr. William H. Hunter, chief engineer 
of the Manchester Ship Canal, nominated by 
the British government; Mr. Eugen Tincau- 
zer, nominated by the German government ; 
Mr. Adolph Guérard, nominated by the French 
government; Mr. E. Quellennec, consulting 
engineer of the Suez Canal Co.; Mr. J. W. 
Welcker, nominated by the Netherlands gov- 
ernment. Capt. John C. Oakes, Corps of En- 


*Taken from full report as published in Engineering 
Record. 








Varilla on his proposed method of construct- 
ing the canal, a project by Major Cassius E. 
Gillette, Corps of Engineers, U. S. A., and a 
paper on the Gatun dam by Mr. C. D. Ward. 

As a basis for all plans, the Board resolved 
by a vote of I1 to 2 that locks should be at 
least 1,000 feet long, 100 feet wide and 40 
feet deep. It decided unanimously that in or- 
der to make its estimates comparable with 
those of previous commissions, there should 
be added to the estimated cost of construction 
an allowance of 20 per cent. for administration, 
engineering and contingencies, but exclusive 
of interest during construction, sanitation, the 
expense of Zone government and collateral 
costs. The Board also decided not to attempt 
to make any estimate of cost of the lands to 
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be flooded by the canal or lakes connected 
with it, on account of the impossibility of pro- 
curing reliable information on which to base 
such estimates. The Board points out, how- 
ever, that such costs may assume large pro- 
portions, especially if lands near cities and 
villages should be required. 

The Board determined by a vote of eight to 
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favorable circumstances and conditions first- 
class direction may make it possible to shorten 
that period by one or two years.” It was 
unanimously resolved in similar language that 
the canal with locks on the plans prepared by 
the Board may be constructed in ten to eleven 
years. 

The Board finally passed the following reso- 
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canal, one with its summit level at El. 60 feet. Guérard, Quellennec, Tincauzer and Welcker 


It decided that there should be duplicate locks 
at Sosa, Pedro Miguel, Gatun and Bohio, and 
a dam at Gamboa for the regulation of the 
Chagres. This plan is not the most feasible 
for subsequent conversion to a sea-level canal, 
for the Board agreed as to the impracticabil- 
ity of converting a lock canal to one at sea 
level, in the immediate future, on account of 
the difficulty and danger of the operation and 
its excessive cost. 





























voting for it, and Messrs, Abbot, Noble, 
Stearns, Randolph and Ripley against it: 
“Whereas, in the judgment of this Board, 
a sea-level canal is feasible, following a line 
with dimensions and such arrangements that 
the transit between the two oceans shall be 
secured in a permanent manner for all time 
under the best conditions for navigation and 
safety, for vessels of the largest tonnage and 
greatest draft now in use, or such as may be 
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the two canals, the Board resolved, by a 7 
t- 6 vote: “That the Board declare in its re- 
purt that the time of finishing the sea-level 
canal depends on many contingencies that can- 
not be definitely estimated in time; that under 
efficient management and not seriously affected 
‘by extraordinary and unforeseen difficulties, 
political obstructions or bad sanitation it may 
‘be regarded as feasible to complete the work 
in about twelve or thirteen years; that adverse 
conditions may lengthen that period, while 


B65 

“Resolved, That the Board adopt and recom- 
mend to the President of the United States, 
the plan of a sea-level canal with a depth of 
40 feet, a width in rock of 200 feet, a mini- 
mum bottom width in earth of 150 feet, with 
a double tidal lock at Ancon, whose usable 
dimensions shall be 1,000 feet in length and 
100 feet in width, and with a dam at Gamboa 
for the control of Chagres River.” 

In accordance with this decision, the Board 
submitted a general plan for a sea-level canal. 
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THE PROPOSED TUNNEL UNDER 
THE DETROIT RIVER FOR THE 
MICHIGAN CENTRAL R. R.* 


Construction work will soon be in progress 
on a second railway tunnel crossing the De- 
troit River. In 1890 the Canadian and Amer- 
ican lines of the Grand Trunk Railway were 
physically connected across this important 
waterway by a tunnel at Sarnia. Previously 
a car ferry had been necessary to transfer 
trains from one shore to the other. Such a 
ferry still continued in use for the other great 
international line, the Michigan Central R. R. 
The thought was always in mind, however, that 
ultimately the physical connection of the lines 
should be made perfect by bridge or tunnel. 
At first, attention was directed chiefly toward 
a bridge crossing, but lately the company’s 
engineers gave most of their study to a pos- 
sible tunnel crossing, and this is the type of 
crossing that has been finally decided upon 
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have charge of the tunnel work as Chief En- 
gineer after contracts are let. 

In order to widen the field of bidders and 
enable such a free presentation of ideas as 
would lead to the utmost reduction of hazard 
and increase in speed and economy of work, 
a scheme somewhat unusual in preparing con- 
tract drawings for tunnel work was adopted. 
Alternative designs were worked out, any one 
of which the bidder is free to choose, and, in 
addition, he is invited to present plans of his 
own, should he wish to do so. With these 
preliminary explanations, the description of 
the plans may be taken up. 

GENERAL DESCRIPTION. 

The longitudinal profile of the tunnel is 
slightly different for each tube, and also dif- 
fers somewhat for different designs. The 
drawing, Fig. 1, shows the profile along the 
center of the west-bound track tube, which, 
being the outside tube on the curve, is 5.46 ft. 
longer between portals than is the inside tube, 
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Fig 1 


and that is soon to be put under construction, 
unless all present plans go seriously awry. 

As soon as a tunnel crossing had been de- 
cided upon a special organization, known as 
the Detroit River Tunnel Co., was brought in- 
to being to carry out the work. This company 
immediately began with a large force of en- 
gineers to prepare plans, and such progress 
was made that designs and specifications were 
virtually completed late in 1905, and on Feb- 
ruary I, of the present year, they were in final 
shape for asking bids for construction. It 
may be noted that all this work and that all 
the remaining work of design and construc- 
tion comes under the direction of an Advisory 
Board of Engineers, composed of Mr. W. J. 
Wilgus, M. Am. Soc. C. E., Chief Engineer 
New York Central & Hudson River R. R.; 
Mr. Howard A. Carson, M. Am. Soc. C. E,, 
Chief Engineer Boston Transit Commission, 
and Mr. W. S. Kinnear, formerly Chief En- 
gineer and now Assistant General Manager 
Michigan Central R. R. Mr. 


*From Engineering News. 


Kinnear will 





or the tube for the east-bound track. The pro- 
hle shown by Fig. I is that for design A; the 
profiles for designs B and C are almost iden- 
tical with that for design A, but the profile 
for design D is slightly different, the tubes 
being deeper under the river bed and the rel- 
ative lengths of approach tunnels and_ sub- 
aqueous tunnel being changed. For compar- 
ison, design D profile has been drawn in dotted 
outline on Fig. 1, which thus indicates all the 
essential details in longitudinal profile of all 
four designs. 

The tunnel will penetrate a mixture of plue 
clay and sand for its entire length. This ma- 
terial was determined by churn drill borings 
made one on each side of the line every 300 
feet of its length between the ends of the ap- 
proach retaining walls and by four test pits, 
one close to the water’s edge on each side of 
the river and one further inside on each side. 
The borings were made with a churn driil 
working inside a 2'%4-in. diameter casing while 
water was being forced through the I 15-i6-in. 


diameter hollow drill bar. In addition to ob- 


BRP walectoy. 


Sy mylar 
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serving and recording the wash samples, the 
resistance to penetration of the drill was ob- 
served and core samples were taken in many 
of the holes at points contiguous to the tunnel 
bore. According to the resistance to penetra- 
tion records, the clay at the depth of the tun- 
nel bore is classified as soft. Judging from 
the test pit records, however, it appears to be 
a medium to stiff blue clay, with a varying 
and at no time large content of sand and 
gravel. According to the test pit observations 
also, this clay gave very little water; a con- 
siderable flow came from the sand and gravel 





Fig. 2. 
strata above the clay bed and from the sand 
stratum at the bottom of the river. 

As certain of the proposed designs call for 
stagings in the river, the sinking of sections 
of steel or timber forms, and the depositing of 
concrete through the water, careful observa- 
tions were made of the current velocities. 
Considerable irregularity is shown by the 
meter readings, which were taken at four or 
five depths about every 200 feet across the 
river; but, generally speaking, the surface 
velocities were slightly above or below 3 feet 
per second, and the bottom velocities were 
from 1.17 feet to 2.29 feet per second. 

Returning to the profile, Fig. 1, it is to be 
noted that the open cut approaches and the 
approach tunnels are the same in construction 
for all four designs, except that in design D 
they are of somewhat less length than in the 
other designs. The subaqueous tunnel con- 
struction is, however, different in each design. 
LAND TUNNELS AND APPROACHES. 

Designs A, B and C all call for a 1,540-ft. 
open cut and a 2,135-ft. approach tunnel on the 
west shore and a 3,400-ft. open cut and a 3,100- 
ft. approach tunnel on the east shore. In de- 
sign D the open cuts are of the same length 
as in the other designs illustrated by Fig. 2, 
but the west approach tunnel is only 2,069 feet 
long and the east approach tunnel only 3,007.34 
feet long. Except for this difference, the open 





cut and the approach tunnel construction is 
the same for all designs. 


OPEN CUT CONSTRUCTION.—The 
open cuts flanking the tunnel proper at each 
end call for brief description only. They are 
simply earth cuts, with 1 on 1% slopes in the 
shallower portions and retained banks in the 
deeper portions. The cross-section, Fig. 2, 
taken near the portal on the east shore, indi- 
cates clearly the retaining wall construction. 
This drawing shows a concrete invert between 
walls and bracing them apart; this invert ex- 
tends 306 feet from the east tunnel portal and 
745 feet from the west tunnel portal. Beyond 
the ends of inverts the walls are braced apart 
(“where directed by the engineer’) by struts 
consisting of steel rails embedded in concrete, 
spaced 15 feet apart. Practically the only 
other general detail not shown by the draw- 
ing is the cutting of the walls vertically by 
transverse tar-paper joints every 50 feet to 
provide for expansion. 





Cross Section. 


Cross Passage 
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Sectional Plan. 
Fig. 3. 

APPROACH TUNNELS.—The two ap- 
proach tunnels are substantially identical in 
construction. Each consists of two single track 
tubes separated by a concrete center wall and 
lined with concrete, which shall or shall not 
be reinforced, as the engineers direct. The 
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drawing, Fig. 3, shows a normal section. This 
section happens to be at a point where a cross 
passage and the conduit splicing chambers are 
cut. The cross-passages occur every 200 feet, 
and the splicing chambers every 400 feet; be- 
tween these openings the center wall and 
benches are solid concrete embedding the 
ducts. Referring to the drawing, Fig. 3, atten- 
tion may be called to the cable holes connect- 
ing with the splicing chambers and to the slots 
for cross-ties in the concrete floors. The oth- 
er details are sufficiently clear from the draw- 
ings. 

The method of constructing the approach 
tunnels will be determined by the contractor, 
subject to the approval of the engineer. 
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SHAFT CONSTRUCTION. 

To facilitate construction, the contract plans 
provide for a shaft on each side of the river; 
the locations of these shafts are shown in 
Figs 1 and 2. The design is practically the 
saine for both shafts, and is indicated clearly 
for the west shore shaft by Fig. 4. As will be 
seen, a very substantial structure of concrete 
is planned, since it is to serve as a permanent 
shaft after construction is finished. 


RIVER TUNNEL PLANS. 

The contract plans offer four designs of 
tunnel for the portion of the work coming 
under the river. These are designated as trench 
methods A, B and C, and shield method D. 
In addition, the bidders are permitted to pre- 
sent plans of their own, should they choose to 
do so. Each design is described separately in 
the following sections from information given 
in the specifications : 

DESIGN A, TRENCH METHOD.—The 
design shown in the profile, Fig. 1, is one 


suggested by Mr. W. J. Wilgus, of the Advis- 
ory Board of Engineers, who states its ad- 
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vantages to be “reduction in lift of traffic, sav- 
ing in time of construction, minimizing of 
risks and large saving in first cost.” It may 
be briefly described as a method by which the 
pervious material underlying the river is re- 
placed by an impervious concrete placed under 
water, through which, without the use of 
shields, the inner tubes or tunnel proper may 
be constructed so as to secure water tight- 
ness, continuity of strength and good work- 
manship, with an absence of high air press- 
ures. It will also be noted that this method 
dispenses with the use of cofferdams. The 
progressive stages for this design are: 

(1) Dredging a trench for the approximate 
dimensions. While certain slopes are assumed 
as proper for the purpose, the contractor is 
expected to inform himself on this point and 
make proper allowance in his bid for contin- 
gencies that may require flatter slopes, and 
therefore more excavation than is indicated 
upon the plan. The contractor will be given 
latitude as to the method he prefers to adopt 
in the use of flatter slopes than shown on the 
plan or of temporary sheet piling for the re- 
tention of slopes within the opproximate cross- 
section of the plan. 

(2) Depositing of “two-men” stone for a 
depth of 18 inches on the bottom of the trench, 
so as to form a blanket or barrier between 
the underlying clay and sand and the super- 
imposed concrete. 

(3) The construction of temporary plat- 
forms in accordance with the permits of the 
United States and Canadian gevernments, up- 
on which the contractor’s machinery, includ- 
ing mixers, etc., may be placed for the oper- 
ations herein described; said platforms to 
move progressively across the river as the 
dredging and other work permit. 

(4) Depositing of concrete by the tremie, 
hucket or other process approved by the en- 
gineer for a depth of approximately 2 feet. 

(5) The placing of saddles with the aid of 
blocking and wedges upon said bed of concrete, 
upon which the forms are to be placed as here- 
in described. As an alternative method, piling 
may be driven after the trench is excavated 
and cut off at a proper height to receive the 
saddles, so as to dispense with the use of 
blocking and wedges. 


_ (6) The construction on shore and floating 
into position of forms coupled together in 
pairs or otherwise, consisting of timber or 
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steel, as preferred by the contractor, in con- 
venient lengths of 50 to 500 feet, and gradually 
sunk into correct position on the saddles above 
described. 

(7) Placing under, around, between and on 
top of the forms concrete by the bag, tremie 
or bucket process, as may be determined by 
the engineer during the progress of the work 
as best qualified to insure good workmanship, 
so as entirely to encase the forms with con- 
crete in the manner shown. The _ option 
is left to the contractor of either joining 
adjacent forms under water in such a 
manner as to secure watertight connections 
or of leaving an open space between them to 
be filled with concrete as above described, so 
as to act as a bulkhead separating the adja- 
cent forms, to be cut out after the water has 
been expelled as hereinafter described. 

(8) After the concrete placed under water 
has had an opportunity to set thoroughly, the 
water may be pumped out of the first section, 
and if the leakage is found to be excessive, 
air may be used of a sufficient pressure to en- 
able the waterproofing to be perfected and the 
inner tube or tunnel to be properly con- 
structed. 

(9) Should the contractor elect to adopt 
rolled steel for the forms, they shall be con- 
structed with watertight joints in such a man- 
ner that, left in the work, they will act as 
waterproofing to prevent the percolation of 
water against the exterior of the inner tubes 
of the tunnel proper. Should the contractor 
elect to use wooden forms, waterproofing may 
be placed on the exterior of the forms before 
they are sunk into position, so that when the 
forms are removed the waterproofing will re- 
main in place. This method will require the 
use of air pressure to prevent hydrostatic 
pressure from distorting the waterproofing. 

(10) After proper measures have been tak- 
en to make each section thoroughly water- 
tight, the inner tubes of the tunnel proper 
shall be constructed with metal reinforcing 
in the manner and of the classification of 
concrete shown on the plans. 

DESIGNS B and C, TRENCH METHOD 
—Design B may be briefly described as a 
method by which the inner tubes of the tun- 
nel proper are first built in floats or on dry 
land, floated and sunken into position on a 
proper foundation and joined together by a 
suitable method, so as to secure continuity of 


construction and watertightness. This design 
was suggested by Mr. H. A. Carson, of the 
Advisory Board of Engineers, and is shown 
by Fig. 5. The progressive stages for this de- 
sign are: 

(1) The dredging of a trench, the deposit- 
ing of “two-men” stone, the construction of a 
temporary platform, 2-ft. bed of concrete and 
the placing of saddles in the same manner as 
described for Design A. 

(2) The tubes, after being floated into po- 
sition, are to be gradually sunk to a proper 
bearing on the saddles and a proper joint 
made at the connection of the tubes, so as to 
insure watertightness and an equality of 
strength with the remaining portions of the 
tube, so that the joint will not be an element 
of weakness in the structure and will be fully 
as strong as any portion thereof. 

(3) Around, between and under the iower 
portion of the tubes is to be placed the concrete 
as shown by Fig. 6. 

(4) Above the concrete and around and on 
top of the tubes is to be placed a black filling 
of suitable material approved by the engineer. 

(5) On the top of the back filling is to be 
placed riprap as shown on the plan. 

Design C is practically the same as Design 
A, with the exception of the details which 
prescribe a certain style of steel form and ar- 
rangement of Design A. 

DESIGN D, SHIELD METHOD.—The 
option is given to bidders of selecting the well- 
known shield method of construction, Design 
D, if they do not feel warranted in bidding on 
other methods. The necessity, however, of re- 
taining the summits of the tunnel gradients 
at the point shown on the plan causes a loca- 
tion of the top of the tunnel for the subaque- 
ous section so close to the river bed as to re- 
quire artificial filling in order to hold air by 
the shield method. Therefore, the contractor 
bidding upon this method must bear in mind 
the necessity of placing temporary blankets 
or masses of clay on top of the location of 
the tunnel, so as to give the necessary thick- 
ness between the top of the shield and the 
water, to prevent or reduce the escape of com- 
pressed air. Fig. 6 is a cross-section of the 
shield-driven tunnel, and its profile is shown 
by dotted lines on Fig. 1. 


METHODS OF CONSTRUCTION. 


The contract plans specify materials and 
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general methods of construction, and some of 
the clauses relating to methods of construction, 
and particularly to the manner of conducting 
work by the trench method, are of importance 
and novelty enough to abstract briefly. 
DEPOSITING CONCRETE.—The large 
amount of concrete to be deposited under wat- 
er is a distinctive feature of all the designs by 
the trench method. The method for deposit- 
ing this concrete may consist of a selection of 
the tremie properly designed to fit local con- 
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there is danger of washing away of the ce- 
ment from the aggregate is in the adjusting 
of the concrete from the bottom of the tremie 
to its final position. Care should be taken 
by the diver that the concrete has no fall 
through the water, but oozes out so as to 
cause a minimum disturbance of the material. 
In passing under and around the tubes it may 
prove to have curved adjustable 
lengths provided at the bottom of the tremie 
for depositing the concrete in places that would 


necessary 
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ies are used, they shall be constructed of steel, 
handled by power, so as to be easily adjusted 
in moving from place to place, and designed 
so as to give a siow, uniform movement of 
the mass in passing from the mixing platform 
to the point of deposit. As a rule, the tremie 
shall first be filled with concrete, which shall 
be allowed to escape slowly at the bottom, 
with the aid of a diver, concrete being placed 
in at the top as fast as it passes out at the 


bottom. In this manner the only point where 


Where drop-bottom buckets are used, they 
shall be filled on the mixing platforms and the 
tops closed, so as to prevent the washing away 
of the cement in passing through the water. 
They shall not be dumped until the bucket is 
close to the point of deposit, so that the con- 
crete will not fall through the water. 

Where bags are used, the concrete shall be 
placed therein on the mixing platforms and 
lowered to the diver, who shall pack them 
closely into position, so that the cement ooz- 
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ing through the mesh of the bags will bind the 
entire mass together. 

The proper one of the three above methods 
shal! be adopted, with the approval! of the 
engineer, to best fit conditions as they arise. 
For instance, in order to prevent an uplifting 
effect on the tubes and to guarantee a contin- 
uous and thorough support for the underside 
of the tubes, the engineer may require the use 
of bags instead of the tremie or bucket method 
for that portion of the work. Where cavities 
exist beneath the lower semi-circumference of 
the forms, the holes that have been provided in 
the forms shall be opened and grout shall be 
forced into the surrounding materials by 
means of a Suitable machine, which will mix 
the grout continuously and permit the appli- 
cation of a pressure of 60 pounds per square 
inch in excess of the water pressure. Suffi- 
cient grout shall be used to fill all voids that 
can be detected from the interior of the forms. 

STEEL FORMS FOR DESIGN A—If 
steel forms are selected by the contractor, they 
shall be suitably internally braced, so as to 
prevent distortion in the process of floating 
into position and sinking on the saddles and 
to prevent injury during the placing of the ex- 
terior concrete and after the water has been 
exhausted from the interior thereof. The con- 
tractor has the option of using several differ- 
ent methods of preventing the distortion of 
these forms, by various types of interior brac- 
ing or by means of vertical pipes projecting 
far enough above the level of the river sur- 
face to cause a hydrostatic pressure on the 
forms that will prevent distortion; or, in lieu 
thereof, the use of pumps to cause the same 
effect. It is expected that with suitable meth- 
ods of bracing and the hydrostatic method 
above suggested it will be possible to make 
these forms in length as great as 500 to 600 
feet, although convenience in the process of 
sinking may cause the contractor to prefer 
shorter lengths. 

All joints in the tubes shall be thoroughly 
ship-caulked, so that when pumped out the 
forms will be watertight under maximum hy- 
drostatic pressure. It is expected that the 
forms will be deposited in exact position, so 
that the thickness of the interior tubes or 
tunnel proper, as shown on the plans, may be 
obtained, but provision has been made for a 
maximum variation of 3 inches. Therefore, 
special precautions will be required to prevent 
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distortion or improper placing of the forms. 

Should the contractor elect to join abutting 
forms under water, so as to secure water- 
tight joints, temporary steel bulkheads should 
be provided, so that in case of accident the 
completed portion of the tunnel will not be 
affected. If, however, the contractor elects not 
to join abutting forms under water, sufficient 
separation shall be allowed to secure a bulk- 
head of concrete placed under water in con- 
junction with the placing of the remainder of 
the exterior concrete, which may be cut away 
as the work advances. After this bulkhead 
has been removed steel sleeves of the same 
thickness and design as the forms shall be in- 
serted, lapping a suitable distance into each 
of the abutting forms, with the joints thor- 
oughly caulked to the satisfaction of the en- 
gineer, so as to form a continuous watertight 
structure. Suitable frequent holes shall be 
provided, closed with screw plugs, through 
which grout shall be forced when required by 
the engineer, to fill cavities that may remain 
between the outside of the lower semi-circum- 
ference of the forms and the exterior concrete. 

WOODEN FORMS FOR DESIGN A.—If 
wooden forms are selected by the contractor, 
the designs therefor, including the saddles, 
shall first be submitted to the engineer for his 
approval. The contractor may have a selection 
of two methods of placing the waterproofing 
in connection with these forms, either by plac- 
ing the same in connection with waterproof- 
ing on the exterior of the forms before they 
are launched and floated into position and 
filling cavities with grout as described for steel 
forms, or waterproofing may be placed on the 
face of the exterior concrete after the wooden 
forms have been removed and cavities filled 
with concrete to present a smooth surface on 
the intrados. In either case the engineer will 
require that the waterproofing shall be first 
class in every respect and continuously water- 
tight before the placing of the interior tube 
or tunnel proper is permitted. With the use 
of wooden forms, it is expected that com- 
pressed air of moderate pressure will be re- 
quired to repel leakage, so as to permit the 
placing of the waterproofing and the holding 
of the same in position pending the construc- 
tion of the interior tubes. 

STEEL FORMS FOR DESIGN C—tThe 
forms for Design C are shown in detail upon 
the plan, and are to be connected under water 
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in such a way as to make watertight joints. 
A number of alternative plans have suggested 
themselves to the tunnel company, but it has 
been deemed best to leave this detail to the 
contractor, selecting this method upon which 
to make his bid. A description and plan of the 
contractor's method of performing this detail 
should accompany his bid. 

DESIGNS A AND C.—The inner tubes or 
tunnel proper for Designs A and C will con- 
sist of concrete of the classifications and di- 
mensions shown on the plan, including splic- 
ing chambers, cross-passages, bench walls, 
track construction, single-way ducts, hand- 
rails, gaspipe conduits for electric lighting, 
steel reinforcement and all other work inci- 
dental thereto. This work will be performed 


in the dry in sections, after the forms have 
been placed and made thoroughly watertight 
to the satisfaction of the engineer. 


It is ex- 





ly, so that with the aid of the metal reinforce- 
ment the inner tubes will be homogeneous and 
of uniform strength from end to end. 
DESIGN B.—For Design B the tubes will 
be constructed in floats or on shore, in suit- 
able lengths, of the classifications of concrete 
shown on the plan, with metal reinforcement 
and temporary bulkheads. The tubes are to 
be tested by exhausting the air therefrom, or 
by any other approved method to make rea- 
sonably sure that they are watertight. The 
tubes will then be floated into position and 
gradually sunk until they reach a bearing up- 
on the saddles that been 
placed. Each tube as it reaches a bearing will 
be brought into as close contact as possible 
with the one that has been previously placed ; 
the joint shall be made entirely waterproof, 
and the connected in a manner that 
will give as great a degree of strength at the 
joint as in the body of the tube. In other 
words, the joint shall not be an element of 
weakness in the finished tubes, either as re- 
gards watertightness, durability or strength. 


have previously 


tubes 


COMPRESSED AIR. 


SHIELD METHOD.—The number of 
shields employed shall be large enough to per- 
mit work on at least two faces at once. The 
shields are to be erected in shield chambers, 
which shall be an enlargement of the irregular 
section of the tunnel adjacent to the shafts 
sufficient to permit the contractor to properly 
erect the shields. The bulkheads or stop- 
walls closing the spaces between the enlarged 
sections and the ordinary tunnel sections shall 
be formed either with special castings or with 
concrete, as the engineer may require. Be- 
fore starting the shield forward after its erec- 
tion, a standard cast-iron lining shall be built 
up temporarily within the enlarged section 
and within the tail of the shield to perfect 
shape, alinement and grade to start the per- 
manent lining from and to form a thrust bear- 
ing for the shield. After moving the shield 
out of the enlarged section, all of the cast- 
iron lining. thus temporarily placed shali be 
removed and the section filled in to normal 
cross-section, as shown on the plan. 

The air shall be delivered into each heading 
through two supply pipes of such capacity 
that the velocity of air through them in regu- 
lar working shall not exceed 40 feet per sec- 
ond. These pipes shall be tapped with regu- 
lating valves in each intermediate air cham- 
ber in tunnels, and sufficient air admitted to 
ventilate it and to maintain the pressure re- 
quired. If required by the engineer, air shall 
be delivered at the shield in each section or 
compartment thereof where men are employed, 
and withdrawn therefrom in special exhaust 
pipes, with suitable regulating valves. 

A foul air vent pipe, 8 inches in diameter, 
shall be carried back from the shield through 
each lock bulkhead to the ordinary atmos- 
phere to ventilate the heading, and shall be 
provided I0-in. pressure regulating 
valve near the shield to maintain the pressure 
required; the valve shall be so placed as not 
to be readily tampered with. 


with a 


Effective means shall be used to secure prop- 
er ventilation. The amount of carbonic acid 
at any working face in any chamber must nev- 
er exceed one part in one thousand parts of 
air, and compressors must be run so as to 
maintain at all times a change of.air through 
the pressure regulating valves. Suitable de- 
vices shall be used to deaden the noise of air 


introduced and exhausted as much as practi- 
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cable. When blasting is resorted to special 


means must be provided for the rapid removal 
of the fumes produced. 

Bulkheads shall be built in each tunnel at 
intervals not exceeding 1,000 feet, and there 
shall at no time be an interval of more than 
1,000 feet between a shield and the bulkhead 
nearest to it. 


They shall be of concrete or of 
brick set 


Portland cement mortar. Each 
bulkhead shall be provided with two air locks 


in 
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length of the forward air chamber shall al- 
ways be maintained to give convenient access 
thereto and for the purposes of setting out 
lines and inspection. All parts of bulkheads 
and air locks must be of sufficient strength to 


sustain a pressure of 45 pounds per square 
inch. 


CONCLUSION. 


The contract plans specify in detail the char- 
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near the bottom at least 6 feet in’ diameter and 
20 feet long for the passage of men and ma- 
terials, one near the roof as an emergency 
for the passage of men only and a pipe 


12 inches in diameter and 31 feet long 


lock 
lock 
with a gate valve at each end for passing 
pipes and rails. The emergency lock shall be 
of ample dimensions to contain the entire 
force employed at any time at the heading. 
Stairways and _ galleries full 


extending the 


acter of all the material to be used in the 
work; these specifications conforming closely 
to the standard specifications of the New York 
Central & Hudson River R. R. for correspond- 
ing materials. Mention may be made of the 
fact, however, that all mixtures of ‘concrete 
proposed to be used by the contractor shall be 
tested by being placed in vessels of the actual 
water in which its use is planned, where it 
shall set perfectly before being accepted. 
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COMPRESSED AIR 

With this number, COMPRESSED AIR 
makes its appearance in larger and, we trust, 
more attractive form. It has been the aim of 
the publishers to produce a magazine which in 
outward aspect and general makeup would be 
on a par with the best printed periodicals now 
published. 

The field of compressed air has broadened 
so materially within the last few years and its 
uses have become so innumerable that there 
is ample scope for an enlarged magazine de- 
voted to this subject, and we have endeavored, 
therefore, to place before our readers a publi- 
cation which will cover thoroughly the en- 
tire field of compressed air in all its applica- 
tions. 

We realize that few people, comparatively 
speaking, are familiar with the design and op- 
eration of compressed air machinery and we 
hope that our readers will make full use of our 
columns for the purpose of elucidating any 
problems with which they may be confronted. 
COMPRESSED AIR always stands ready to 
offer assistance in these matters and a dis- 
cussion of such topics in our correspondence 
columns cannot but result in benefit to the ma- 
jority of our subscribers. 





SUBWAY AND TUNNEL WORK 
IN AND ABOUT NEW YORK 
COMPARED WITH THE 
PANAMA CANAL 


We hear a great deal about the Panama 
Canal and its difficulties, the ponular mind be- 
ing almost impressed with the idea that these 
difficulties are insurmountable. The 
papers have almost daily references to the 
subject and already we have had the sugges- 
tion of a scandal. The President of the United 
States is behind the enterprise. The Panama 
Canal is frequently referred to as “the great- 
est piece of industrial engineering work ever 
constructed.” It is not generally understood 
that work now underway and planned in and 
about New York for improving railway facil- 
ities involves greater engineering difficulties 
and a larger sum of money than the Panama 
Canal. This subject was touched upon by 
Governor Magoun in an interview on the oc- 
casion ot his recent sailing for the Isthmus, 
and it is interesting in that the inevitable con- 
clusion is reached that the principal difficulty 


news- 
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at Panama and the reason for so much noise 
is what Mr. Wallace calls “governmental re- 
strictions.” ‘Put the Panama Canal on the 
basis of New York work and in the hands of 
competent contractors and it will go along ex- 
pediouslv and economically. 

On the original Subway so far as completed 
and put into operation at the end of 1904 the 
following work was done: 


Cu. Yds. 

Pant ORCAWAHION: 64 ccc aKodsce.saoe 2,224,072 
ROC CXGCAVANION (Si6is 4010's sipisrcinrerwsorwiet 966,777 
5 STOP ET ET ere 415,660 
BAERS ie eaweoiiesnn 5 oar talaneaanies 5,995 
Cancrete Masonry: 0266.0 ts aceeeds 586,000 
BIC MASOMEY $5 /6-50i65:356.4 oasis stieres 36,205 
Cit Shatie MASGRED: «+ oinis:<.00s sisae gs ane 29,000 
4,263,799 

Tons. 

eels MeCEGE 5 corres o's piss tsis ecw oases 68,677 
Gast. iran: Erected! ........d0n.hases 3,607 
Feet. 

New SOWEPG ASHNC? 5.056 sc03ees Foss 37,484 
Sewers ReOMOvVeG, is 6is\0si0/0005.06015 25.751 
Pipes Laid—Water, Gas and Drain.. 496,640 
RNR SIE. cc clcreaa nk iaies eee sis 20,839 
Bilectede. TUMCIS: <i. :s06:5.scins ote as eeigtele 222,264 
SSS Uo ag oc re 248,000 


Total Value of Work Done ....... $41,933,000 

This not including equipment or operating 
plant. 

At the present writing nineteen other Sub- 
way routes have been approved by the Rapid 
Transit Commission. Five of these will par- 
allel the nresent Subway; others are crosstown 
lines or extensions in Long Island and the 
Borough of the Bronx. There is in sight and 
reasonably sure of execution in the next fif- 
teen years Subway work which will involve 
the handling (including that now completed) 
of over 20,000,000 cubic yards of material and 
the expenditure of over $200,000,000. 

There are at present actually under way, or 
more or less completed, though not in use, 
Railroad Tunnels under Manhattan, the 
North and East Rivers, with extensions and 
connections in New Jersey and Long Island 
aggregating over 40 miles in length. Allowing 
a section of 800 square feet to each single track 
tunnel this will require the excavation of 6,- 
257,777 cubic yards, which with necessary ad- 
ditional tracks for switching, yarding, express 
tracks, etc., will easily amount to 10,000,000 
cubic yards. The tunnels nroposed or planned 
already more than double this, so that in fif- 
teen years we may assume the work to amount 
to 25,000,000 cubic yards. The excavation for 
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the P. R. R. and the N. Y. C. stations will re- 
quire 3,000,000 cubic yards excavation with 
other roads planning stations in the city, so 
that if we allow 5,000,000 cubic yards for this 
work we already have in sight the job of exca- 
vating 50,000,000 cubic yards of material un- 
der conditions vastly more difficult than any- 
thing involved in the Panama Canal job. In 
addition to this it may be well to keep in mind 
the vast amount of work involved in a new 
water supply for the city, which will not be 
in service before it is urgently needed. 

It may be noted that there are now em- 
ployed in the New York City tunnel work 80 
air compressors aggregating 28,000 horse-pow- 
er, with a free air capacity of 186,000 cubic 
feet of free air per minute, a volume equal to 
a cube with a side of 57 feet. 

The steam railway work in progress and in 
sight in and around New York will easily in- 
volve the expenditure of $100,000,000, and the 
new water supply will call for another hun- 
dred millions. Mr. George S. Rice, Chief En- 
gineer of the Rapid Transit Commission, has 
estimated the cost of the proposed new sub- 
ways of New York at $450,000,000. The esti- 
mated cost of excavating a sea level canal at 
Panama is $183,000,000, so that the expenditure 
for engineering work in and around New York 
before the canal is completed will be easily 
three times as great, while the engineering 
problems and difficulties will be in comparison 
even greater than this. There is no apparent 
reason why success should not ultimately 
crown all the works in contemplation. 


SEA LEVEL OR LOCK CANAL 

In the March number of COMPRESSED 
AIR we discussed the reports of the Board of 
Consulting Engineers, the majority of whom 
favored a Sea Level Canal, and the minority 
an Eighty-Foot Lock Canal. The latter report 
was accompanied by a letter to Secretary of 
War Taft from Chief Engineer Stevens en- 
dorsing the minority report. This report also 
had the endorsement of President Roosevelt 
and was favored by the majority of the Amer- 
ican members of the Board of Consulting En- 
gineers. On the other hand, all the foreign 
engineers and three of the most noted Amer- 
ican engineers voted in favor of a Sea Level 
Canal, and this report was reprinted in full 
in the Engineering Record of February 24th. 

Since the rendering of this report, however, 
there has been under way an investigation by 
a committee of the United States Senate to 
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determine, if possible, which would be the 
better type of canal to built. Much valuable 
testimony has been given by William Barclay 
Parsons, C. E., Engineer of the New York 
Subway; William H. Burr, C. E., Prof. of 
Civil Engineering at Columbia University, and 
Alfred Noble, C. E., Chief Engineer of the 
Pennsylvania Railroad. Mr. Parsons and 
Prof. Burr are in favor of the Sea Level Canal 
while Mr. Noble favors the Lock type. Some 
of the testimony adduced at this hearing 
brought up points not mentioned in the re- 
port. For instance, Mr. Parsons said that 
if the double 
minority, 


gates, proposed by the 
were to be used, the locks at 
Gatun would have a usable length of only 
790 feet. In order, therefore, to get in the 
flight of three locks, it would be necessary to 
reduce the length to less than 1,000 feet, which 
was decided on by a vote of II to 2, by the 
3oard as the minimum length. The topography 
of the country demanded the reduction of the 
length of the locks if a Lock Canal was to be 
constructed, and, therefore, three members of 
order to 
Parsons stated 


the Board reversed themselves in 
sign the minority report. Mr. 
that ships 900 feet long were in near prospect, 
and these would require 1,000-foot locks in 
order to pass through the canal. If a big ship 
strike of the 
everything movable would be carried to the 
Carribean Sea. The cost of constructing a 
thousand-foot lock at Gatun 
cient to condemn the minority plan even if 
The 


cost of abutments necessary to support thou- 


should one he thought 


gates 


would be suffi- 


safety was not taken into consideration. 


sand-foot locks at this point had not been es- 
timated since, but it would amount to many 
millions of dollars. 

Mr. John F. Wallace, formerly Chief En- 
gineer of the Canal, also appeared before the 
Senate committee and presented his views. He 
also favored a Sea Level Canal, which he be- 
lieved could be constructed in ten or twelve 
years and at an expense of about $309,099,900. 
At least, he thought, the form of canal adopted 
should be such as could afterwards be trans- 
formed Canal. He 
reasons for believing that the proposed Gatun 


into a Sea Level gave 
Dam would in time be found incapable of re- 
sisting the strain put upon it. He urged the 


construction of the canal by contract and fav- 


ored the immediate reconstruction and mod- 
ernization of the railroad. 
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To those of our readers who are interested 
in this important question of “Sea Level or 
Lock Canal” we recommend a perusual of the 
March 209th issue of the Engineering News, 
which contains Prof. Burr’s testimony in full. 





PROFESSOR HUTTON RESIGNS 
The following letter was sent by Prof. F. 
R. Hutton to the Council of the American 
Society of Mechanical Engineers on Jan. 29, 
but has not been made public until recently: 
“It may be known to some members of the 
Council that for several years I have had the 
thought in mind of resigning the Secretary- 
ship of the Society, on the completion of twen- 
ty-five years of service. I was first elected in 
March, 1883. My more recent thought has 
been that instead of waiting for a merely sen- 
timental period to elapse, which would have 
meaning to myself alone, I might rather em- 
phasize the more obvious culmination of my 
service to the Society by withdrawing at the 
time when the Society shall cross the thresh- 
hold of its 
Suilding. 


new home in the Engineering 
It will then have been given to me 
to have wrought for the Society from the days 
of small beginnings, when I paid my own of- 
fice rent and expenses, throush the period of 
rented offices, and of the ownership of the 
modest home in Thirty-first street, and up to 
the opening of the days of larger opportunity 
in the splendid surroundings of the new en- 
terprise. It is wise, I am sure, that at the 
time of this external change the Society should 
also make the internal change incident to se- 
curing as its Secretary one who will and can 
devote his entire time to the work and devel- 
opment of the Society. It is well known to 
you that I have felt that I must owe and pay 
my first allegiance to the work of my profes- 
sorship in Columbia University. This being 
Council should be advised far 
enough in advance, so that the least embar- 


the case, the 


rassment may be entailed by my withdrawal. | 
have therefore thought it best to present this 
formal letter at the first meeting of the year, 
and to ask by it that proper action may be 
taken looking to the question for the future 
which it raises. I ask that I may be relieved 
of the duties of the Secretaryship at the end 
of the current society year, or at such other 
time thereafter as the Council may see fit to 
have this resignation take effect. It would be 
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my wish and preference that no unnecessary 
or premature publicity be given to the fact of 
my decision. I seek to avoid having anything 
like a ‘fuss’ made.” 

Professor Hutton has been secretary of 
the Society for twenty-three years. His 
friends have known that for some time he felt 
unwilling to continue to hold the office long- 
er, but it has been their wish that he might 
see his way clear to rounding out a full 25 
years’ work in this important position. Fortu- 
nately a plan has been devised by which the 
detail executive work can be turned over to 
secretary and Prof. Hutton 
secretary, 


a new will act 


as an honorary in charge of the 
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their respective subjects. While the American 
Society of Mechanical Engineers loses a most 
valued executive, Columbia University is to be 
congratulated upon securing the undivided 
services of its Professor of Mechanical Engi- 
neering. 





WESTERN AIR DUMP CAR 

The enormous amount of earth handling in- 
volved in prosecuting the line and terminal 
improvements which railways have so exten- 
sively undertaken within the past few years 
has necessarily caused a considerable evolution 
in the methods and equipment whereby this 
work is accomplished. Prominent in this equip- 


PAT? J Yay 19.38» 
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WESTERN AIR DUMP CAR. 


other functions for which his 
exceptional fitness has long been recognized. 
To those who have known Prof. Hutton, the 
amount of work accomplished by him has 
seemed phenomenal. Not only has he brought 
the American Society of Mechanical Engineers 
to the enviable position in which it now 
stands, but he it is who has directed as Dean 
the Schools of Engineering at Columbia Uni- 
versity during their unprecedented growth of 
the last few years. Prof. Hutton, notwith- 
standing his multiplicity of duties, has found 
time to write numerous engineering works, of 
which his “Mechanical Engineering of Power 
Plants,” “Heat and Heat Engines” and “The 
Gas Engine,” are considered authorities in 


meetings and 


ment is the dump car and its evolution has 
been marked in many respects. A well-known 
example to which these remarks apply is no- 
ticeable in the latest type of dump car manu- 
factured by the Western Wheeled Scraper Co., 
Aurora, Iil. 

While the steps of evolution mentioned 
might be of interest to those who have not 
been intimately connected with the develop- 
ment of earth handling methods, those to 
whom the subject is of most interest, are so 
familiar with the past progress that it will 
probably be best to only deal with the present 
modern example. This is the car whose ca- 
pacity has been increased to 12 cubic yards, or 
16 yards when heaped. A number of this de- 
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‘sign were furnished the Isthmian Canal Com- 
mission, and are now in operation on the Isth- 
mus of Panama. 

The features of construction are readily 
noted in the illustration, but it may be re- 
marked that it is an all-steel construction, in- 
cluding the center sills, in which wood finally 
succumbed to steel because of the increase in 
capacity of the car and the air dumping fea- 
ture. The general construction is the same 
as that of the smaller sized cars, constructed 
under the same patents, 7. e., they are provided 
with the automatic pivoted side board and 
loose pin and socket hinge on which the bed 
rests. The discharge opening is extremely 
large on account of the side boards being 
thrown upward and outward from the bed, so 
that there is ample clearance for large bould- 
ers or masses of frozen earth. The dumping 
angle is very steep—forty-seven degrees— 
which enables the car to clear itself without 
hand shoveling and yet to throw the load far 
from the track, an appreciated 
heavy work. 





feature in 


There is a patent pending on the air pumping 
device, the dumping as well as the bringing of 
the bed back to loading position being con- 
trolled from the engine by means of 
pressed air. 


com- 
The air dumping mechanism con- 
sists of a cylinder and set of levers, chains, 
shaft and cams for each side. The thrust of 
the cylinders acts on the lever, which trans- 
mits the motion to a shaft through a chain 
operating over a cam. On the same shaft are 
two other cams to which the dumping chains 
are attached. The latter are also fastened to 
the outer angle sill on the bed. The action of 
the lever causes the shafts to rotate, draw- 
ing the bed down to the dumping angle and 
back to an upright position. This device has 
passed the theoretical stage and the air dump 
cars are in practical use and are being oper- 
ated with entire success, as is proved by the 
immediate large demand for this design. 


THE WESTINGHOUSE “K” FEED 
VALVE 


The improved feed valve shown in the il- 
illustration is the latest, and the one now be- 
ing supplied with the new ET engine and 
tender equipment. 





Its inner construction is easily understood ° 


from the drawing which is a diagrammatic 
view of the valve in the open position. 
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Its operation is as follows: Main reservoir 
air enters at the connection marked “MR,” 
passes through port a into chamber B, between 
the heads of the differential piston 5; then 
through port c, in the slide valve 8, to port d 
in its seat and to the connection marked FIP, 
the feed valve pipe, which goes to the brake 
valve and through passage e to chamber E 
and the diapraghm 16; then past valve 14 to 
passage f and chamber G, behind the smaller 
head of the differential piston. 

At the same time, the air also passes 
through port h in the larger head of the dif- 
ferential piston into chamber J, and on through 
passage k to chamber /, in which the small vent 
valve 28 is located. The air and spring press- 
ure hold valve 28 to its seat while diaphragm 
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spindle 19 is in the position as_ shown. 


While the slide valve 8 is in “open position,” 
supplying air to the brake pipe, the pressure in 
passages e, d, k and in chamber 7, will be the 
same in amount up to the point for which the 
feed valve is adjusted. 

When the pressure in chamber FE over the 
diaphragm 16 and regulating spring surround- 
ing diaphragm spindle 19, reaches the limit of 
adjustment it will compress the regulating 
spring and force the diaphragm spindle 19 
to the right far enough to press against the 
guide stem of vent valve 28, and unseat this 
valve. 

When valve 28 unseats, the air in chamber 
l, passage k, and chamber J, will escape to 
the atmosphere, thus quickly reducing the 
pressure behind the larger head of the differ- 
ential piston. 

With the pressure thus reduced in chamber 
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J, main reservoir pressure. in chamber B, as- 
sisted by brake-pipe pressure in chamber G, 
will force the differential piston 5 and the 
slide valve 8, which is caught between the 
shoulders on the valve stem connecting the 
piston heads, to the right quickly and close 
the communication between the main reservoir 
and the brake pipe, thus preventing further 
increase of pressure in the latter. 

When the diaphragm 16 and the diaphragm 
spindle 19 are forced to the right, in the man- 
ner described, the small valve 14, previously 
held from its seat, permitting communication 
between chambers E and G and the brake 
pipe, seats, and cuts off this communication. 

As soon as brake pipe pressure falls below 
the limit of adjustment, the diaphragm 16 and 
the diaphragm spindle 19 move to the left, un- 
seating valve 14 and permitting the air in 
chamber G to flow through passage f and 
chamber E to the brake pipe, and seating valve 
28, permitting pressure to accumulate behind 
the larger head of the differential piston. Then 
piston 5 moves quickly to the left, and opens 
the feed port d to the brake pipe. 

The regulating spring is a short one, and 
the regulating nut has a handle fitted to it so 
that when this handle is against the stop 23, 
which is mounted on the spring case, the feed 
valve will maintain 70 pounds pressure in the 
brake pipe; when the handle is moved around 
to the stop 24 the feed valve will maintain 110 
pounds brake pipe pressure. By changing the 
location of the stops any intermediate brake 
pipe pressure between 70 and 110 pounds may 
be had. 

Because of the quick and simple method of 
changing from one pressure to another, as 
required by the kind of service in which the 
locomotive is employed, but one feed valve of 
this tvpe used in conjunction with the im- 
proved pump governor, is necessary on any 
engine, passenger, freight or switcher. Hence, 
in changing from the low pressure to the high 
pressure control, or the high speed brake, it 
is only necessary to change the position of 
this regulating handle from one stop to the 
other. 


VACUUM CLEANING TRIED IN 
SUBWAY 


Interborough Makes Practical Test of 


System at Worth Street Station 
In the presence of a representative of George 
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H. Pegram, electrical engineer, and other of- 
ficials of the Interborough system, a practical 
demonstration of the vacuum system of clean- 
ing, which is the application to sanitary and 
commercial uses of the principle of the vacu- 
um, was made ‘at the Worth street station of 
the subway. 

The work under the direction of C. A. Ben- 
ton and John M. Moynihan, was done by the 
introduction of one of the company’s portable 
wagon plants, which consists of a gasoline 
motor, and vacuum hose, through which the 
dust, microbes, insects and disease germs are 
extracted and drawn to the sanitary piping, and 
thence to the separator tanks, consisting of two 
upright cylinders. The first of these separates 
from the air current the process of separation 
by passing the air current through a column 
of water in which the remaining matter is held 
in liquid suspension. By means of renovators 
attached to long handles, the platforms of the 
station, the side walls, the iron columns and a 
portion of the ceiling were quickly and thor- 
oughly cleaned. A well kept church in New 
York, it is said yielded under the vacuum pro- 
cess 790 pounds of black worldly dust, and a 
scrupulously kept dining room in a private 
house confessed to 1234 pounds of dirt. 

It was shown that a car fitted with the ap- 
paratus, running on the tracks, could clean a 
station in half an hour, and remove all the dirt 
to the terminal. The Central Railroad of New 
Jersey has a stationary plant that carries cigar 
stubs and papers half a mile through its tubes. 
A more exhaustible trial will be made in the 
subway soon. 


HH 


WESTERN contractor seems to have hit 
A upon a most unique scheme for digging 

the Panama Canal. He proposes to let 
loose 500.000 woodchucks on the line of the 
canal. After the woodchucks have become well 
holed, he would let loose 250,000 muzzled farm 
With the wood- 
chucks scratching the dirt to get away from 
the dogs, and the latter digging lustily to catch 
the woodchucks, the contractor figures that a 
large amount of the excavation would be ac- 
complished in a short time.—Roadmaster and 
Foreman. 


dogs to dig them out again. 


Why not use compressed hares ? 
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-ORRESPON 


To the Editor of Compressed Air. 

Dear Sir:—In your issue of January, page 
3861, Mr. Edward F. Schaefer gives the fol- 
lowing simple formula for obtaining the at- 
mospheric pressure in pounds per square inch 
at any elevation, viz.: 

57000 E-— FE? 





100,000,000 

As the originator of the formula, I would 
like to state that it appeared over my signa- 
ture in your issue of October, 1897, page 317, 
but with the added information that “it was 
original and, needless to add, an empiric one. 
This formula gives results in some cases vary- 
ing about one-sixth of one per cent. from cer- 
tain published tables, but it has the advantage 
that when plotted it gives a perfect curve, 
which no table that I have seen will do.” I 
think your readers should know that this is an 
empiric formula, and not the standard one 
deduced from scientific observations and ma- 
thematical calculations. 

Very truly yours, 
WiLiiAM Cox. 
To the Editor of Compressed Air. 

Dear Sir:—In the January issue of Com- 
PRESSED AiR there appeared a short article on 
Altitude Atmospheric Pressures in which a 
table and a curve are found. You will notice 
that no claim is made that the formula is 
original. For my own use I deduced the table, 
using Cox’s impirical formula, and plotted the 
curve. As these were of assistance to me I 
gave them to Compressep Arr suspecting that 
the readers might find use for them. Very 
truly, Epwarp F. Scuaerer, M. M. E. 
To the Editor of Compressed Air. 

Dear Sir:—I have under contemplation the 


installation of a 5-inch air pipe line about 8,000 
feet long, partly in a mine tunnel and largely 
out of doors on the surface of the ground. I 
am contemplating using 5-inch bell and socket 
pipe with lead joints, the same as are used for 
water pipe. Can you tell me whether such 
pipe has ever been used for the purpose, and if 
so, whether there was any objection found to 
its use. Any information which you can sup- 
ply along these lines will be very thankfully 
received. Very truly yours, 
J. E. Jounson, Jr. 
HE only case that has been brought to our 
T attention where bell and socket pipe with 
lead joints has been used for conveying 
compressed air is that at the building of the 
Washington Aqueduct Tunnel in Washington, 
D. C., some fifteen years ago, and we distinctly 
recall that there were so many difficulties in- 
volved in the use of this pipe for compressed 
air purposes that we have since advised against 
it. 

In the case referred to the pipe was laid on 
the surface of the ground and subject to ex- 
pansion and contraction, due to sun, rain, etc., 
so that the leakages were very serious. We 
can quite understand a case where the pipe 
may be laid underground and in that way a 
more or less uniform temperature be main- 
tained. In a case like this the difficulties may 
be minimized, but generally speaking we 
would advise against the bell and socket joint 
for compressed air transmission. 





To the Editor of Compressed Air. 

Dear Sir:—I have a windmill and have won- 
dered if I could not compress air with it and 
use it for electric lighting and other purposes. 
Sincerely, Wivpur L. GILLETTE. 


HILE windmills, as far as we can deter- 
\¢ mine, have very rarely been used for 
compressing air, there is no reason, 
however, why they should not be adapted to 
this purpose. A windmill with a twelve foot 
blade is commonly rated at two horsepower and 
one with a sixteen foor blade is rated at four 
horsepower. If this power were utilized for 
compressing air, the results obtained would be 
as follows: 
2h. p. will compress 9.6 cu. ft. of free air 
per min. to 100 Ibs. gage. 
2 h. p. will compress 11. cu. ft. of free air 
per min. to 80 lbs. gage. 
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4 h. p. will compress 19. cu. ft. of free 
per min. to 100 lbs. gage. 

4 h. p. will compress 22. cu. ft. of free air 
per min. to 80 lbs. gage. 

The above results were calculated on the as- 
sumption that 15 per cent. be allowed for fric- 
tion in the air compressing machine, but prob- 
ablv for an apparatus of this kind a greater 
allowance should be made. As large a re- 
ceiver as possible should be used to take care 
of the intermittent nature of the power supply. 

The ideal way of utilizing wind-power for 
the compression of air would be to operate a 
high-pressure compressor for this purpose, in 
order that a large quantity of air might be 
stored in a small sized receiver. Then, by 
operating the windmill all night, sufficient 
quantity of air might be stored up to run 
pneumatic tools during part of the day. 

It is not practicable to use wind-power for 
the generation of electricity. 


JOKES WITH COMPRESSED AIR 


Press despatches contain an account of the 
death of a boy employed in the works of the 
Cambria Company, at Johnstown, Penn., 
whose death was brought about by means of 
compressed air injected into his viscera by a 
workman who was in a playful mood. This 
is the second so-called accident of that nature 
which has come to our notice, the previous 
one occurring, we believe, in Paterson, N. J. 
It is high time, it seems to us, that those who 
have to do with compressed air should know 
that it is a thing not to be trifled with. We 
have a letter from an employer in whose shop 
compressed air is used, and he expresses it as 
his opinion that those who attempt practical 
jokes with compressed air should be severe- 
ly dealt with. In his own shop, all employ- 
ees are warned as to the danger of attempting 
to play any practical jokes with compressed 
air, and he believes that something of the 
kind should be done in every establishment 
in which it is used. 


Hy He 


A. E. Hoermann, 41 Park Row, New York 
City, is distributing in the Eastern States a 
catalogue of the Pilling Air Engine Company, 
of Detroit, which company they represent. 
This catalogue shows pneumatic motor hoists, 
pneumatic engines with various applications, 
and also the pneumatic turn-table devise. 
Any parties in the Eastern States who wish 
to have one of these catalogues will kindly 
send in their name. 


~ 
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LUBRICATION OF COMPRESSOR 


VALVES 


ALVES which stick con often be suc- 
V cessfully lubricated and kept in good 
condition by use of a little kerosene oil, 
applied with the usual machinery oil can.— 
Mining & Scientific Press. 


We quote the above paragraph to show how 
some people may be misled regarding the 
handling and care of air compressors, and be- 
cause we believe that such articles as the 
above are often responsible for serious acci- 
dents. Kerosene oil ought never to be used in 
this way, and if used at all on the air cylinder, 
great care should be taken to remove all of it 
before starting up the compressor. A much 
better and sater way of cleaning the cylinder 
and valves is to feed orginary soapsuds 
through the cylinders for several hours every 
week or two. It may be passed through the 
lubricator instead of oil, but care should be 
taken to run with oil for a while after its use, 
before shutting down, in order to prevent 
rusting. 

It is a very good practice to keep an extra 
set of outlet valves on hand, as this enables 
the engineer, at any time, to replace those on 
the compressor with clean ones. The change 
may be accomplished in a very few minutes 
and the dirty valves may be thoroughly cleaned 
by the engineer at his leisure. 

eS 

CCORDING to Mines and Minerals com- 
A pressed air is used to operate a novel de- 
vice for dumping ore cars at the Cactus 
Mills, Newhouse, Ntah. In the mine the ore is 
loaded from chutes, with pneumatically oper- 
ated doors, into mine cars of four tons capaci- 
ty. A train of fourteen to twenty-one care is 
then pushed by an electric locomotive to the ore 
bins at the tunnel entrance. Here over the 
bins is an unique dumping device in the shape 
of a hollow steel cylinder open at the top, set 
on wheels -and of such size as to hold seven 
cars in a close fit by angle irons set over the 
upper edges of the box. The cars are run into 
the cylinder, seven at a time, the motor un- 
coupled and the cylinder revolved by a com- 
pressed. air engine. In this way twenty-eight 
tons of ore are dumped in thirty seconds actual 
time from the uncoupling to the recoupling 

of the motor. 
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RACTICAL ITEMS for 
PRACTICAL MEN. 





REPAIRING A CRACKED COM- 
PRESSOR CYLINDER 


The loosening of one of the discharge valve 
seat bushings, which worked through and 
dropped into the cylinder before it was de- 
tected, resulted in the cracking of a compressor 
cylinder of 16 inches in diameter. It was re- 
paired in the following manner. A radial slot 
i%4-inch wide was cut to the full depth of the 
flange, about 4 inches on each side the crack 
in the cylinder, as shown in Fig. 1, where 
the worst leak occurred, and carefully fin- 
ished on the side adjacent to the crack. 

A link was then made of 1%-inch square 














Jig” Square Steel Link Ports to Water Jackets. 
Shrunk m Place. 


Fig. 1. 


steel and curved to the shape of the flange, 
with the ends forged outward to correspond 
with the slots, and carefully finished on the 
inner sides, so that it lacked entering the 
slots by about 1-64-inch more than the width 
of the crack, as nearly as could be determined. 

A X-inch hole was drilled, tapped and 
plugged at the end of the crack to prevent 
it from “ growing.” 

Next the link was heated to a fair red heat 
so it would enter the slot easily, after which 
a cement was rubbed in to make a rust joint 
in the crack. When the cement had cooled 
the crack could hardly be detected and was 
perfectly tight. 

The cylinder head, which was cracked at the 
same time, was remedied by drilling and tap- 
ping a %-inch hole through the water jacket 
and forcing the metal back nearly to its orig- 
inal position, by screwing a bolt with a long 
thread through the jacket and against the 
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head proper, and then applying a_ liberal 
amount of the same cement. This is shown 
in Fig. 2. 

The loss of the valve seat bushing, which 
was demolished in the cylinder, necessitated 







Piugeed 
Valve Poit 






Crack in 
Head Water Jacket 


Fig. 2. 


the tapping out of the hole with 2%-inch pipe 
tap and screwing in a plug which was trimmed 
off flush with the inside of the head, which 
left two valves to discharge the air from that 
end. The plugged valve port is shown in 
Fig. 3.—H. R. M., in Power. 


my et 
LUBRICATING WITH FILTERED 
OILS 


The great difference in oils makes it necessary 
for the engineer, who desires to obtain the best 
service with the least amount of oil, to make 
a careful study of lubrication. For instance, 
in air compressors, a light oil is most suitable 
for the air cylinders because of its less liabil- 
ity to carbonize, but, for steam cylinders, we 
require an oil of greater viscosity and a higher 
fire test. The greater part of engine oils are a 
trifle too light to thoroughly coat the bearings 
and remain long enough to do good work in 
lubricating. In Summer, these light oils have 
little capacity for absorbing heat. 

My experience with filtered oils has been ob- 
tained in a plant containing five engines, all 
of which are compound, and two of which 


- drive air compressors, while the other three 


drive electric units. I use a light grade of oil 


for the air cylinders and a good grade of cylin- 


I 
is 


oes 
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der oil in the high-pressure steam cylinders. 
For lubricating the low-pressure cylinders, I 
use the droppings from the high-pressure pis- 
tons, cross-heads and wrist pins, which oil, 
after being filtered, does good service in these 
cylinders and also in the boiler feed pump. I 
have enough of this filtered cylinder oil left 
to make a good mixture with the filtered en- 
gine oil and thus improve its quality. I find 
that it requires less of the filtered and mixed 
oil than of fresh engine oil to do the same 
amount of lubrication. 

In carrying out this plan, I used two 60- 
gallon tanks and two good filters, one for the 
cylinder oil and the other for the engine oil. 
Each day the oiler gathers up all the drop- 
pings and places a small amount of fresh en- 
gine oil in the engine oil filter, together with 
about half the same amount of filtered cylin- 
der oil. After passing through the filter, this 
mixture comes out in the form of an extra 
fine engine oil of dark color, having all the 
requirements for successful and economical 
lubrication. This oil can be used over several 
times by replenishing each time from the light 
engine oil and from the filtered cylinder oil. 
The daily consumption of oil is measured by 
the amount of fresh oil that is supplied to the 
filtering tank each day. 

Care should be taken to select good mineral 
oil which will blend well and filter. Cheap oils 
will not blend and are the most expensive in 
the end. Oils containing animal fats, or other 
substances, should not be used on high-speed 
engines under any circumstances.—W. D. 
RANNEN, in The Engineer. 

ae 
A GOOD GASKET FOR STEAM AND 
AIR CYLINDER HEADS 

A very serviceable gasket may be made eas- 
ily and cheaply -by the following method: 
Ordinary heavy Manilla wrapping paper 
should be cut out to the shape of the cylin- 
der end by the: ordinary method of cutting 
gaskets. This paper should then be soaked in 
boiled linseed oil for a few minutes and then 
have manganese dioxide applied to it with a 
paint brush, the linseed oil mixing with the 
manganese dioxide forms a black paint over 
the surface. The gasket should then be put 
on while wet and will form an exceedingly 
durable and efficient gasket for the cylinders 
of steam engines or air compressors. 


THE AIR PUMP STRAINER 


On one of our leading eastern trunk lines 
frequent reports came into the round house 
that the air pump would not pump a suff- 
cient amount of air to supply the train, and 
upon One occasion a pump was condemned and 
changed, although there was no apparent rea- 
son for condemning the pump, other than 
it would not supply enough air. 

Following this instance another of the same 
nature occurred, in which it was found that 
the strainer was at fault, it being almost en- 
tirely plugged. 

These instances woke me up to the fact 
that a plugged strainer is a serious defect, in 
that if a pump cannot get air, it certainly can- 
not compress air; hence we have no air at all 
or only a meager supply for the air brake 
system. 

I find it very profitable to myself and all 
concerned to keep pump strainers free from 
all dirt, and especially valve oil. Since the 
strainer is for the purpose of excluding all 
foreign matter, and to freely admit air, the 
air cylinder should never be oiled through it, 
but through the oil cup which is provided for 
that purpose. 

A very effective and speedy manner of 
cleaning strainers is to blow steam through 
them; the steam loosens any crust formation 
due to dust, etc., and also increases the tem- 
perature of any valve oil that may have been 
wrongfully poured over the strainer, so it 
will run freely. 

Any air brakeman who will keep the air 
pump strainer clean and the meshes open and 
the pump in good repair generally, by well 
lubricating it and tightening all leakages of 
both steam and air, will save himself much 
unnecessary work and trouble, and will also 
save the railroad company, that employs him, 
many pump failures and consequently engine 
failures, which will surely be appreciated by 
them.—Wirt D. Seely in Railway & Locomo- 
tive Engineering. 

er 
A GOOD BEARING METAL 


A mixture consisting of 50 per cent. alum- 
inum, 25 per cent. zinc and 25 per cent. tin 
forms an alloy which is excellent as a bearing 
metal. It is light in weight, has a fair degree 
of hardness and a moderately high melting 
point 
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CHIPPINGS. 





N forging rock-drill bits those for medium 

] hard rock should have sharp chisel bits. 

As the hardness of the rock increases, the 

angle of the bit may be made more blunt, and 

the cutting edge shaped from a straight line to 

a curve, to prevent the corners being chipped 
off. 

5d 


When drilling in sandstone the drill-bit 
should be tapered somewhat and then flatten- 
ed instead of drawn to a cutting edge. If a 
chisel-bit is used in drilling sandstone the 
bit will wear very sharp, and will frequently 
become fitchered. 


»* 


For fast cutting in drilling, the straight 
chisel-edged bit is recommended. This style 
of bit must be carefully tempered, as the cut- 
ting is mostly done by the sharp corners, which 
are likely to be chopped off if there is the 
slightest flaw. The hammer blows should be 
sharp and quick. In hard rock a somewhat 
rounded and rather blunt bit is more econom- 
ical, though it will not, perhaps, cut so fast. 


»* 


Many tests have been made to ascertain the 
conditions under which mixtures of air and 
fire. damp become inflammable or explosive. 
Mixtures of fire damp and air, which are not 
ignitable by an open light, often ignite or be- 
come explosive on addition of a little coal 
dust, and mixtures which will not ignite on 
application of a flame of small intensity will do 
so when a flame of strong intensity is applied 
to them. 


»* 


Compressed air employed as motive power 
in collieries at a distance from the shaft bot- 
tom is theoretically less efficient than electric 
transmission, on account of the thermo-dyna- 
mic loss of available energy. There is often a 
large leakage of air in long pipes. One of the 
chief advantages arising from the employment 


of compressed air plants in coal mines is se-. 


curity from dangerous accidents.—Engineer- 
ing and Mining Journal. 
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With a 3%-in. drill, using air at 70 pounds, 
pressure, starting bit 234 in., and finishing bit 
1% in., the time required to drill 1 foot is 
about 3 minutes in soft sandstones and lime- 
stones, 4 minutes in medium sandstones and 
limestones, 5 minutes in hard granites, hard 
sandstones, etc., 6 to 8 minutes in very hard 
granites and traps, and 8 to to minutes in soft 
rocks that sludge rapidly. It is especially 
noteworthy that if a water-jet be not used, 
drilling in a soft, friable rock like shale may 
be slower than in the toughest trap.—Engi- 
neermg and Mining Journal. 


»* 


The chief cause of knocking out a machine 
and breaking, bending and blunting drills is 
carelessness and the lack of supervision while 
starting holes. It is also contended that in 
actual practice nearly 40 per cent. more work 
can be done in a given time with the air press- 
ure, in underground machine boring in ground 
of the average hardness, such as is found in 
the Transvaal, at 80 pounds instead of at 60 
pounds. In West Australia 100 pounds press- 
ure has been kept on the receiver when work- 
ing in hard quartz. A mistaken desire for 
economy may induce the miners or the pipe 
repairer to use worn out piping and hose for 
connections, which, of course, leads to frequent 
stoppage and to a more or less constant loss 
of air by leakage —Mining World. 


»* 


The Chicago Pneumatic Tool Company has 
closed its Norfolk office, which was located in 
the Chamberlaine building, and will in the 
near future open an office in Richmond, Va. 
The office located at 602 Empire Building, 
Pittsburgh, Pa., will be moved April I to 10 
and 12 Wood street, at which point a store 
building has been secured for the purpose of 
making a general display of air compressors, 
tools, &c., a large stock of which will be car- 
ried as soon as the factories are in position to 
furnish it, and a well-equipped repair depart- 
ment will also be maintained for the benefit 
of the company’s large number of customers 
in the district. The office has been closed at 
Seattle, Wash., and a new office opened at 84 
Sixth street, North Portland, Ore. The com- 
pany reports business entirely satisfactory both 
at home and abroad, all factories working 
double time. 
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The Westinghouse Machine Co. filed a bill 
of complaint on February 9, in the Circuit 
Court of the United States, for the District 
of New Jersey, against the Allis-Chalmers Co., 
alleging that the Allis-Chalmers Co., in the 
manufacture and sale of its turbine, is in- 
fringing patent No. 655,414. issued to Mr. 
Charles A. Parsons, August 7, 1900. This in- 
vention was made jointly by Parsons, Steney 
and Fullagar, and is for steam turbine ring 
of blades covering the method of construction 
used by the Allis-Chalmers Co., for securing 
the blades and vanes in place in their respec- 
tive holding elements. An assignment of the 
entire rights under this patent was secured by 
the Westinghouse Company from Charles A. 
Parsons on January 10, 1905, both Steney 
and Fullagar having assigned their interest in 
the same to Parsons prior to the issuance of 
the patent. 


»* 


The following general criticism of American 
technical books is taken from Indian Engi- 
neering, and is, we regret to acknowledge, too 
frequently true to be successfully disputed: 
“The fourth edition of , by ; 
C. E., published by Messrs. ————— of New 
York and ————, of London, is another of 
those American books on engineering which 
are crammed full of general information, but 
which are sadly lacking in details. The in- 
formation contained in the 550 pages is var- 





ied, but there is not enough of any particular 
subject. This lack of detailed information 
is a great feature of the American scientific 
literature of our day. It seems as if one 
class of men designed and carried out the 
works, and quite another class wrote about 
them. What the world wants are books writ- 
ten by the men who have designed and carried 
out the works which are being described. Such 
books can best help those who are being called 
upon to design and construct.” This subject 
“is so interesting and so original that we want 
to know more about it than such books tell 
us. Pracical men working in the country 
want more detailed information than suffices 
for students at college.”—Railway and Engi- 
necring Review. 

We think this criticism applies particularly well to 
some of the books which have been written on com- 
pressed air in all its applications. 
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The Associated Mines, at Kalgoorlie, West- 
ern Australia, have a large air compressor, 
designed for 60 drills, and stated to be able, 
with an expenditure of 1,000 horsepower, to 
compress 5,000 cubic feet of free air per min- 
ute. According to the returns made by the 
manager, the amount of air ordinarily put 
into the underground workings is 1,700 cubic 
feet of free air per minute, which supplies 20 
drills and two air winches, while about 100 
cubic feet per minute are used in driving 
pumps. Taking the winches as using 300 cubic 
feet per minute, and neglecting leakages, the 
amount supplied to each drill would average 
65 cubic feet per minute. The number of men 
underground is returned at 292, or, say, I00 
men in one shift. The total amount of air 
per man put into the mine by the compressor 
therefore only averages 17 cubic feet per min- 
ute. Taking the men on the drills only, each 
drill having two men, the quantity per man 
averages 3214 cubic feet per minute. As each 
drill when actually working probably liberates 
over 100 cubic feet of air per minute, the aver- 
age of 65 cubic feet must be much higher than 
the amount set free while the drill is not work- 
ing, and the amount supplied to the men while 
setting up the machine must be very small. 
Usually the air is used for blowing out the 
smoke, and then is cut off, or almost so, while 
the men rig the drill. During this period the 
ventilation is often very deficient. Analyses 
made by Mr. Mann show that even when the 
drills are running, there are places where the 
ventilation is bad. 

The Commissioners do not wish to be un- 
derstood to mean that in the instance quoted 
and in similar cases the only ventilation in 
the mine is that from compressed air, for, as a 
matter of fact, the principal air supply to these 
mines is obtained from natural ventilation. 
The figures quoted were meant to show that 
the compressed air by itself is a quite insuf- 
ficient supply, and would not alone be able to 
maintain the air in a pure state. Usually, there 
is a certain amount of air from the main air- 
ways slowly finding its way into even sucn 
places as are some distance from the main air- 
currents, and gradually removing the vitiated 
Report of Royal 
Western Australia. 


air.—From Commission, 
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U. S. PATENTS GRANTED 
MARCH, 1906. 


Specially prepared for COMPRESSED AIR. 





814,837. Pneumatic Dust Removing and 
Collecting Apparatus. Ephraim H. Fen- 
ton, Kansas City, Mo. Filed Nov. 8, 1904. 
Serial No. 231,948. 

Claim.—1. In a pneumatic, dust-collecting 
apparatus, the combination with a vacuum- 
tank and conductors for the dust leading to 
the tank, of inclined, dust-deflecting plates 
within said tank, an air-suction apparatus con- 
nected with the tank, and a rotary separating- 





fan within the tank, energized by the air enter- 
ing and passing through the tank. . 

2. In a pneumatic, dust-collecting apparatus, 
the combination with a vacuum-tank for the 
dust, and with a conductor for the dust lead- 
ing to the tank, of dust-deflecting plates with- 
in said tank, -an air-suction apparatus connect- 
ed with the tank, a rotary fan within the tank 
actuated by the air entering and passing 
through the tank, and means between the suc- 
tion apparatus and the entrance to the tank 
self-acting to regulate the exhaust from the 
tank. 

3. In a pneumatic dust-collecting apparatus, 
the combination with a vacuum tank for the 
dust and with a conducting-pipe for the dust 
leading within the tank, of a _ suction-pipe 
leading within the tank and terminating in a 
downwardly-extended, outwardly-flaring end, 
an air-suction apparatus connected with the 
suction-pipe, and means in said pipe for regu- 
lating the exhaust in the tank, dust deflect- 
ing devices within the tank, and a rotary 


fan intermediate the outwardly-flaring, down- ~ 


wardly-extended end of the suction-pipe and 
the dust-deflecting devices. 
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814,983. Pneumatic Hammer. Rheinold 
A. Norling, Aurora, Ill., assignor to Aurora 
Automatic Machinery Company, Aurora, III, 
a Corporation of Illinois Filed May 31, 190s. 
Serial No. 263,077 

Claim.—1. The combination with a cylinder 
and a plunger therein, of a live-air-actuated 
controlling-valve and an auxiliary valve, oper- 
ated by air compressed within the inner end 
of the cylinder in the backward stroke of the 





plunger, for controlling the admission to the 
controlling-valve of air to acutate the said 
controlling-valve. 

2. The combination with a cylinder and 
plunger therein, of a controlling-valve for con- 
trolling the admission and exhaust of air into 
and from the cylinder, embracing a valve-pis- 
ton having two faces of different areas, means 
controlled by the plunger for admitting live 
air to act on the larger face of said valve- 
piston, and an auxiliary valve controlling the 
admission of live air to act on the smaller face 
of the said piston, said auxiliary valve being 
operated by pressure of air compressed in the 
inner end of the cylinder in the backward 
stroke of the plunger. 


Ant Staal eat 
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815,488. Valve for Air Compressors. 
Thomas S. Sturtevant, Dover, N. J., assignor 
to McKiernan Drill Company, Dover, N. J. 
Filed Apr. 9, 1903. Serial No. 151,849 

Claim.—1. A valve mechanism for air-com- 
pressors comprising a valve, a valve-stem, and 
a valve-stem journal, said valve provided 
with air-cushioning means for retarding the 
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opening thereof, comprising a _ cylindrical 
sleeve on the valve-stem and a co-operating 
abutment on the valve-stem journal, a tappet 
or operating rod, a connecting-rod having a 
yielding connection with the operating-rod and 
an operating connection between said con- 
necting-rod and valve-stem, whereby the con- 
necting-rod has a free movement in one direc- 
tion without operating the valve. 

2. A valve mechanism for air-compressors 
comprising a valve, a valve-stem, and a valve- 
stem journal, said valve provided with air- 
cushioning means for retarding the opening 
thereof, comprising a cylindrical sleeve on the 
valve-stem and a co-operating abutment on the 
valve-stem journal, a tappet or operating-rod, 
a connecting-rod, a link or arm on said con- 
necting-rod having a sliding connection with 
said operating-rod, cushioning-springs on said 
operating-rod upon opposite sides of said link 
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connection, and a second arm rigidly secured 
to said connecting-rod and having a sliding 
connection with said valve-stem whereby the 
connecting-rod has a free movement in one 
direction without operating the valve. 


815,965. Pneumatic Conveying Appara- 
tus. Arthur C. Lynch, Richmond Hill, N. Y., 
assignor to Sterling Blower & Pipe Manu- 
facturing Company, New York, N. Y., a Cor- 
poration of Connecticut. Filed Aug. 7, 1905. 
Serial No. 272,960. 

Claim.—1. In pneumatic apparatus for con- 
veying shavings, &c., a main conduit having 
a conduit-section with a floor inclined to the 
direction of travel in said main conduit and 
branch passages leading from the upper end 
thereof, in combination with a movable de- 








flecting-partition of less height than said con- 
duit-section, located nearer the said inclined 
floor than to the top of the conduit-section, so 
as to provide a space for the passage of air 
above said partition, and adapted to determine 
the relative deliveries of shavings into said 
branch passages. 

2. In pneumatic apparatus for conveying 
shavings, &c., a main conduit having a con- 
duit-section with a floor upwardly inclined 
with respect to said main conduit and branch 
passages leading from the upper end thereof, 
in combination with a dividing-valve of less 
height than said section, pivoted at the junc- 
tion of the branch passages to swing over and 
in proximity to said inclined floor, whereby 
an open space is left above the valve for the 
passage of air into said branch passages. 
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816,246. Throttle-Valve for Pneumatic tools. 
Reinhold A. Norling, Aurora, IIl., assignor to 
Aurora Automatic Machinery Company, Au- 
rora, Ill., a Corporation of Illinois. Filed Feb. 
24, 1905. Serial No. 247,143. 


Claim.—1. A throttle-valve comprising a cyl- 
indric valve-chamber provided with a lateral 
port, a sliding valve-piston in said _ valve- 
chamber, a valve-stem connected with the pis- 
ton, said piston being provided with an aper- 
ture to receive the valve-stem, a nut adjustable 
on the valve-stem to change the position of 
the valve-piston on the stem, and a spring 
applied to hold the valve-piston against said 
nut. 
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2. A throttle-valve comprising a_ cylindric 
valve-chamber provided with a lateral port, a 
sliding valve-piston in said chamber, and an 
endwise-movable valve-stem connected with 
the valve-piston, said valve-piston being pro- 
vided with a central aperture to receive the 


valve-stem, a nut adjustable on the valve-stem 


to change the position of the piston on said 
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stem, and a coiled spring surrounding the 
valve-stem and acting on the valve-piston both 
to hold the said valve-piston against the nut 
and to give endwise movement to the valve 
piston and stem. 

3. A throttle-valve embracing a cylindric 
valve-chamber communicating at one end with 
an inlet-passage and closed at its opposite end, 
said valve-chamber being provided between its 
ends with a lateral exit-port, an endwise-slid- 
ing valve-piston in said chamber adapted to 
cover said port when advanced toward the in- 
let-passage and to uncover said port when re- 
tracted toward the closed end of the chamber, 
and a valve-stem connected with the piston 
and extending outwardly through the closed 
end of the valve-chamber, said valve-piston be- 
ing provided with a passage for the leakage 
of air therethrough to the closed end of the 
valve-chamber to balance the valve. 

4. A throttle-valve comprising a cylindric 
valve-chamber communicating at one end an 
inlet-passage and closed at its opposite end, 
a sliding valve-piston in said chamber, and an 
endwise-movable with 
outwardly 
through the closed end of the valve-chamber, 


connected 
extending 


valve-stem 
the valve-piston and 


said valve-piston being provided wivi a cen- 
tral aperture for the valve-stem, larger in di- 
ameter than the portion of the stem which 
passes therethrough, a nut on the valve-stem, 
and a spring applied to hold the valve-piston 
in contact with said nut. 

5. A throttle-valve comprising a_ cylindric 
valve-chamber communicating at one end with 
an inlet-passage, closed at its opposite end and 
provided with a lateral exit-port, a sliding 
valve-piston in said valve-chamber, a valve- 
stem connected with the piston and extending 
through the closed end of the valve-chamber, 
said piston being provided with an aperture 
to receive the valve-stem, and the valve-stem 
being provided with a nut adjustable thereon 
to change the position of the valve-piston, 
and a spring applied to hold the valve-piston 
against said nut, the central opening in the 
valve-piston being larger than the part of 
the valve-stem which passes through the same 
and said nut being provided with a notch 
which forms with the space between the valve- 
piston and the valve-stem, a passage to per- 
mit leakage of air past the piston to balance 


the valve. 
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6. A throttle-valve comprising a valve-cas- 
ing provided with a cylindric passage opening 
at both ends through the sides of the casing 
and with one end of which is connected an air- 
supply pipe, said passage having a shoulder 
at its inlet end, a cylindric valve-bushing 
seated in said passage, and bearing at its inner 
end against said shoulder, said bushing having 
a lateral exit-port and forming a valve-cham- 
ber which communicates at one end with the 
inlet end of said passage, a hollow plug se- 
cured in and closing the end of the passage 
remote from its inlet end, and bearing at its 
inner end against the outer end of the valve- 
bushing, said plug having a central guide- 
aperture extendine therethrough, a sliding 
valve-piston in the valve-chamber, a_ valve- 
stem connected with said piston and sliding at 
its outer end in said hollow plug, and provided 
at its outer end with a lateral socket, a coiled 
actuating-spring surrounding the said valve- 
stem between the inner end of said plug and 
the said piston, and an actuating-lever pivoted 
to the casing and engaging with the socket in 
the outer end of the valve-stem. 





816,261. Pneumatic Despatch 
Franklin S. Smith, Phila, Pa. 
1905. Seriol No. 267,404 


Apparatus. 
Filed June 28, 

















Claim.t. A pneumatic despatch 
comprising a_ terminal 


apparatus 


having a discharge 
Ss 2 
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opening, a device which extends across the 
said opening and which device is normally in 
a closed position, a pivoted catch normally in 
engagement with the said device, and means 
integral with the said catch which extends 
therefrom into the interior or passageway of 
the said terminal, and a carrier provided with 
a head upon its end which is adapted to en- 
gage the said means to occasion disengage- 
ment of the catch from the said device to per- 
mit the latter to be opened by the impact of the 
said carrier. 


816,262. ‘Pneumatic Despatch 
Franklin S. Smith, Phila., Pa. 
1905. Serial No. 267,403. 





Apparatus. 
Filed June 28, 





Claim.—1. A pneumatic despatch apparatus, 
comprising a despatch tube, a terminal pro- 
vided with a discharge opening, a device which 
extends across said opening and which norm- 
ally is in closed position, means in engage- 
ment with the said device and supported in- 
dependently thereof, which normally prevents 
the same from being opened, and a device con- 
nected with the said means, which device ex- 
tends into the interior of said terminal in the 
path of a carrier passing therethrough, the 
said last mentioned device being adapted to 
occasion disengagement of the said means 
from the said first mentioned device to per- 
mit the same to be opened. 














AIR COMPRESSORS 


ALL STYLES~—ALL SIZES 
EMBODYING LATEST IMPROVEMENTS 





ROCK DRILLS 
McKIERNAN DRILL CO. 
170 Broadway, New York City 


CONTRACTORS’ SUPPLY AND EQUIPMENT CO. 
232 FIFTH AVE., CHICAGO 


LL 


House Cleaning Machinery 


Stationary Private Plants for residences, $350 
and up. Power from lighting current. 

Private Plants for Department Stores, Hotels, 
Theatres, etc. 


Stationary Plants for Professional Carpet Clean- 
ers. 





Portable Plants for residential house cleaning, 
Small capital required. 


General Compressed Air House Cleaning Co, 
4434 Olive Street, St. Louis, Mo. 








Direct-Connected 
Gasoline Air Compressor 





Single, double and four cylinder types. 

Built in all capacities for all purposes. GEAR- 
LESS, COMPACT, ECONOMICAL and DUR- 
ABLE. Furnishes its own power. The only 
machine of its kind. 

We also manufacture electrical and belt-driven 
Air Compressors, Gas and Gasoline Engines, 
Spraying, Pumping and White Washing Machin- 
ery. 

In asking prices and specifications on any class 
of machinery, please give full information as to 
requirements. 

GENERAL ENGINEERING CO , 
4435 Olive Street, St. Louis, Mo. 








Westinghouse Motor Driven Air Compressor, Operating Sewage 
System, Knickerbocker Trust Building, New York. 


Westinghouse Air Compressors 


Westinghouse Traction Brake Co. 
General Offices : Pittsburg, Pa. 


Address nearest office : 
Boston, 638 Exchange Bldg l.os Angeles, 527 So. Main St. 
Buffalo, 774 Ellicott Sq. Bldg. | Mexico City, Mex.. 41% Calle de San Diego. 
Chicago, 1545 Ry. Exch. Bldg. New York, 2014 Trinity Bldg. 
Cincinnati, 1111 Traction Bldg. Richmond, 804 American Nat. Bk. Bldg 
Cleveland, 1007 New Eng. Bldg. St. Louis, 1932 North Broadway. 
Columbus, 1132 C. Sv. & Tr. Bldg St. Paul, 634 Endicott Bldg. 
Denver, 604 Majestic Bldg. San Francisco, 302 Rialto Bldg 


For Canada, Canadian Westinghouse Co., Ltd., Hamilton, Ont. 
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Clean-Washed Material Permits Accurate Sorting 


“CRANE ™ 


SCREEN and WASHER 











Rich “Fines” by Screening 
Rich “Slimes” by Washing 
Rich “Lumps” by Picking 


Complete Plants for CONCENTRATION, CYANIDING, 
CHLORINATION and SMELTING of Ores 


€ STEARNS -ROGER MFG. CO, 


Engineers and Contractors 


DENVER, COLO. 


























THE INJECTOR 


For Cleaning Castings, Structural Steel 


SAND BLAST 


APPARATUS 





and Stone Work, etc. 
AVINIAID AOd ALIAM 


| Sa ccrveenes SY 


1905 MODEL 
Made by C. DRUCKLIEB 


132 READE STREET, NEW YORK 





Class F, Steam-driven Two-stage Air Compressors. 


THE BLAISDELL 
Air Compressors 


Possess distinctively original features of 


Design, Economy and Efficiency 
Not found in other makes. 


All Sizes and Types and for 
any Service 


THE BLAISDELL MACHINERY CO. 


BRADFORD, PA. 








Brown & Seward | 


Solicitors of 
American and 
Foreign Patents 





Experts in Patent Causes | 


OFFICES: 


256 BROADWAY 
NEW YORK | 


EDWARD C. SEWARD 
ROBERT B. SEWARD 








ELECTRIC AND BELT-DRIVEN 
AIR. COMPRESSORS 
CURTIS & CO. MFG. CO., St. Louis, Mo. 


AIR HOISTS AND ELEVATORS 


HAND AND PNEUMATIC CRANES 


LIST OF AGENTS: 


A. E. Hoermann, 261 Broadway, N, Y. 

The Strong, Carlisle & Hammond Co., Cleveland, 0. 
Baird Machinery Co , Pittsburgh, Pa. 

Hill, Clarke & Co., Boston, Mass. 
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AIR COMPRESSORS 


of the Sullivan-Corliss type, 
operate year in and year 





out, and attain the highest 
efficiency and fuel economy. 
All parts of both air and 
Steam ends are designed 
and built in Sullivan shops. 
All air inlet valves are of 














Corliss pattern, moved by independent eccentrics. 
Removable automatic poppet discharge valves; thorough cooling 
of air during compression. Any capacity and pressure. 
CATALOGUE 53. 


SULLIVAN MACHINERY CO. 





Wheeler Condenser & Engineering Co. 


42 BROADWAY, NEW YORK. 


For SURFACE 
MARINE CONDENSERS 
Mounted on 
and Combined Air 
STATIONARY and 
SERVICE Circulating Pumps 





PROPRIETORS AND MANUFACTURERS OF 


WHEELER STANDARD SURFACE CONDENSER, WHEELER ADMIRALTY SUR- 
FACE CONDENSER, WHEELER LIGHTHALL SURFACE CONDENSER, 


VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER, 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER. 
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PORTER COMPRESSED AIR 


MINE AND INDUSTRIAL HAULAGE 








MORE UP-TO-DATE, SAFER, HANDIER AND MORE RELIABLE AND 
ECONOMICAL THAN ELECTRICITY 


We introduced the first air haulage into anthracite mines, and have installed about 80 per 
cent. of the air locomotives in America and the majority of those in the world. We can refer to 
a large number of plants with one to fifteen locomotives, track gauges 18 to 561% inches. Our 
designs are automatic, easily controlled and free from complications. 

SPECIAL OFFER: On application of Mine Superintendent or prospective user, we will 
mail free our 233 page catalogue describing 600 steam and 60 air locomotives. To accommodate 
others a copy will be mailed on receipt of 50 cents in stamps. 


aaaress Hs K. PORTER COMPANY, 540 Wood St., Pitisburgh, Pa, 




















The B. F. Goodrich Company | 


AKRON RUBBER WORKS. FACTORIES: AKRON, OHIO, U. 5S. A. 


NEW YORK: CHICAGO: SAN FRANCISCO: 
66-68 Reade Street 141 Lake Street. 392 Mission Street 


RUBBER GOODS 


OF FINE QUALITY 


HOSE FOR ALL PURPOSES #6% | 


AIR HOSE for Rock Drills, Compressors ILLUSTRATED 
Mining Machines, Pneumatic Riveters, etc. CATALOGUE 


STEAM HOSE, ETC. 
Belting, Springs of all kinds, Valves, Gaskets, Rings, Packing, etc., etc. 
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The Slogan of the Cameron--“CHARACTER : THE GRANDEST THING” 


CAMERON PUMP. 














@ Note, in a Cameron Steam End, 
the very simple inside valve gear, 
free from delicate parts and abso- 
lutely reliable. 

@ They are equally efficient with 


compressed air as with steam. 





@ The Cameron Catalog “K” 
contains full descriptions with 
illustrations, and will be sent to 
any who will mention this maga- 


zine when writing. 


@ The most durable, effective, reliable and economical 
in cost of maintenance of any pump on the market. 
Nearly 50 years actual satisfactory service. More 


than 60,000 in use the world over. 


q All Cameron 
Pumps are com- 
pact strongly built, 
few working parts 
and no outside 
valve gear or mov- 


ing parts. 


EXPLANATION 


A is the steam cylinder; C, the piston; ZL, the steam 
chest; F, the chest plunger, the right hand end of which 
is shown in section; G. the slide valve; H, a lever. by 
means of which the steam-chest plunger F' may be re- 
versed by hand when expedient; //are reversing valves; 
Kk, are the reversing valve chamber bonnets, and EE 
are exhaust ports leading from the ends of steam chest 
direct to the main exhaust and closed by the reversing 
valves J/. 


A. S. CAMERON STEAM PUMP WORKS 


Foot of East Twenty-Third Street, New York 
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“ HAESELER” : * IMPERIAL” 


Two distinct lines of established superi- 
ority. Marked by novel and correct design, 
selected materials specially treated, unsur- 
passed workmanship, and absolute inter- 
changeability of parts. Simple, economical, 
low in repair charges, reliable under every 
condition. Built for hard and effective 
service, in shops, foundries, shipyards, and 


structural works. 


CHIPPING AND RIVETING HAMMERS, 
ROTARY AND RECIPROCATING DRILLS, 
ROISTS, RIVETERS, REAMERS, ETC. 





AIR TOOLS 





The illustrations show a Haesler hammer 
at work on the casson structure of the 
Paris Subway, France; and an Imperial 
Wood Boring Machine at work in a ship- 
yard. 


INGERSOLL 
RAND CO. 


11 Broadway, NEW YORK. 
Cieveland, O. St. Louis, Mo. 
Philadelphia, Pa. Chicago, Ill. 
Pittsburg, Pa. Houghton, Mich. 
El Paso, Tex. Boston, Mass. 




















INGERSOLL-RAND 


AIR POWER 


MACHINERY 


IN QUARRY. MINE ana CONTRACT 


INSURES 


GREATER RELIABILITY 
LARGER CAPACITY 
INCREASED PROFITS / 








Seager atari ona 














A shipment of seventeen Ingersoll-Rand Rock Drills and one 
12-drill Ingersoll-Rand ‘‘R B” Air Compressor for the Casparis 
Stone Company, Columbus, Ohio. Five drills are for the Fair- 
mount, Ill., quarries The compressor and twelve drills go to 
the Marble Cliff, Ohio, quarries, the drills replacing a complete 
equipment of drills of another make. 


INGERSOLL RAND CO. 


Chicago, Ill. Pittsburg, Pa. 11 Broadway, St. Louis, Miss. El Paso, Tex. 
Cleveland, O. Philadelphia, Pa. NEW YORK Houghton, Mich. Boston, Mass. 
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COOPER- 
CORLISS 
ENGINES 








FOR ALL POWER PURPOSES 





Complete Plants a Specialty 


EXCELLENT FACILITIES FOR HANDLING 
EXPORT TRADE ° 








ESTABLISHED 1833 


ee a ae 


The C, & G. COOPER COMPANY 


MT. VERNON, OHIO, U. S. A. 





BRANCH OFFICES: 


NEW YORK 
1430 Bowling Green Building 
F. W. IREDELL 
BOSTON 
411 Weld Building 


ATLANTA 


B. A. CHURCH 
Empire Building 


E. W. DUTTON 
PHILAPELPHIA 
Drexel Building 
































MINES AND MINERALS 


FOR 


MA Y 


Is devoted exclusively to articles on 
the practical operation and principles 
involved in the operation of mines and 
metallurgical plants. It publishes just 
such articles as are of most value to 
the men in charge of mining and 
metallurgical plants. These article; 
are selected with such care and are so 
carefully illustrated and edited that 
MINFS AND MINERALS is regarded as 
the leading exponent of American 
mining methods. 


Single Copies, 20 Cents $2.00 the Year 


Address all Orders to Department C 


MINES AND MINERALS, Scranton, Pa. 


























Raise 
Your 
Salary 


We have 
built up the largest 
educational institution 
in the world, with an invested 
capital of 5 million dollars and 
with 3 of a million students, by 
helping people to increase their earn- 
ings. ‘This remarkable growth means 
that we have made a remarkable success 
of enabling people to earn more money. 
It is because we have helped so many 
thousands of others under all circum- 
stances that we state positively that we 
can help YOU. Do you want to raise 
your salary? It puis you under no 
obligation to find out hcw you can 
do so. Simply write us, stating 
the occupation you wisk to 
rise in. O IT NOwW. 


International Correspondence Schools 
Box 1132, 
Scranton, Pa. 













ENGINEERING 
MAGAZINE 


3 AN INDUSTRIAL REVIEW | 











THE ENGINEERING MAGAZINE pub- 
lishes the best original articles by 
the highest authorities on all phases 
of current engineering progress, 

Additional and exclusive features 
are: a Reviewer and Topical Index 
to the current contents of nearly two 
hundred engineering and industrial 
journals; Current Record of New 
Technical Books; Industrial News; 
latest Improved Machinery and new 
Trade Literature. 

Every number is a valuable refer- 
ence book for every engineer 01 
student of engineering. 

Ask for sample copy and descrip: 
tive circular. 


THE ENGINEERING MAGAZINE 


140-142 Nassau St., New York 









































































‘THE only publication in the 
world devoted exclusively 


to the boiler-making industry is 
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, BOILER MAKER 








Subscription 
Price, 

$1.00 

per year 
Domestic 
$1.50 Foreign 


Sample Copies 


Free 








Th 


BOILER MAKER 


17 Battery Place 
NEW YORK CITY 

















WEEKLY 
ESTABLISHED 1856 


A Journal of Transportation 
Engineering and Railroad News 


The Recognized 
Leading Railroad 
Paper 


Amongst Railroad Officers—the 
men that buy—the circulation of 
the RAILROAD GAZETTE is 
greater than the combined circu- 
lation of all other Railroad 


papers. It covers all depar ments. 


ADVERTISING RATES ON APPLICATION 
Subscription $5.00 a year 
Sample Copy Free 


NEW YORK 
83 Fulton Street 


LONDON 


Queen Anne’s Chambers 


CHICAGO 
Old Colony Building 









































The Press 


reflects the activities of the world. The papers 
of the country are full of 


Valuable Pointers 


For example:—A telephone line is to be built 
and the first one to obtain the information is 
the local editor. Wesend the item toa manu- 
facturer of telephone equipment, who immed- 
iately gets in touch with the parties and secures 
their order before his competitor knows any- 
thing about it. The same idea applies to most 
any business. We have made a study of the 


Commercial Value of 
Press Clippings 


and are daily supplying thousands of satisfied 
customers We give you the information before 
the trade journals and publishers of so-called 
trade reports know anything about it. No 
matter where you are or what your line of 
business, we can help you, 

Send $3.00 for a special trial month’s service. 
One new order will pay for a year’s subscription. 

CLIPPINGS on any subject from current 
issues for a few cents aday. We cover the en- 
tire country and read more of the leading pub- 
lications than any other bureau. Booklet fora 
stamp. 


United States Press Clipping Bureau 


1326-1334 Republic Building, 
CHICAGO, ILL. 











TRAVEL wr 


SPEED COMFORT SAFETY 
BETWEEN 


New York 
Philadelphia 








New Jersey Central 


(Train Every Hour on the Hour) 


Pullman Observation No Dust 
Parlor and Cafe Smoke or 
Cars Cars Dirt 








90 MILES IN TWO HOURS 


NEW YORK STATIONS: 


West 234 Street Foot Liberty Street 
, North River North River 









































Leads and Holders 





Using more colored leads than any 
other business house in the world, 
and unable to find a lead-holder 
that would hold and keep on 
holding, we invented one with a 
positive stop, no provoking clutch. 
It has stood the test of a dozen 
years’ constant use; it doesn’t 
wear out; the lead can’t work 
back; it is a double-ender; it is 
perfection for editing copy, check- 
ing, etc. We mail it for 25 cents, 
loaded with two leads. We sell 
black, blue, green, yellow and red 
leads for $5.00 a gross, 50 cents a 
dozen, 5 cents a piece—made for 
us, 3 inches long, the best quality 
we can get. Stamps acceptable. 


Luce’s Press Clipping Bureau 


26 Vesey St., New York 
68 Devonshire St.. Boston 


Romeike’s Press | Wit sena you all 


hewspaper clip- 


Cutting Bureau pings which may 


appear about you, 











or any subject on 
which you want to be ‘‘up-to-date.”’ A large force in 
our New York office reads 650 daily papers and over 
2,500 weeklies and magazines, in fact, every paper 
of importance published in the United States, for 
over 5,000 subscribers, and. through the European 
Bureaus, all the leading papers in the civilized 
globe. Clippings found for subscribers, with name 
and date of paper are mailed day by day. Terms, 
$5.00 per 100. 


pete al HENRY ROMEIKE, Inc. 
ondon, Paris, 
Berlin, Sydney. 33 Union Square, N. Y. 





























DO YOU HNOW 


something about compressed air that 
might help somebody else? Write it 
down and send it to us and we will 
discuss it in our reading columns. 





COMPRESSED AIR, New York 
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COMPRESSED AIR 


Practical information on Air-Compression 
and the Transmission and Appli- 
cation of Compressed Air 


By Frank RICHARDS 12 mo., cloth, $1.50 


John Wiley & Sons, New York. 
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BROWNING’S 


INDUSTRIAL 
MAGAZINE 


Devoted to design and construction of 
labor-saving and material 
handling machinery 


ENGINEERING PRESS REVIEW 


Price $1.00 per year 


Address COLLINWOOD, Ohio 








ANY MAN 


mechanically inclined, knows the advantage and 
necessity of keeping himself well informed as to the 
progress which is being mado continually in the 
machinery world, Our monthly journal, 


MODERN MAGHINERY 


tells you every month all about this progress. It is 
well illustrated and interestingly written, and costs 
but $1.00 per year. Single ecpies 10 cents. 


WE WANT 


every reader of COMPRESSED AIR to send us his sub- 
seription at once, so that he may take advantage of 
our liberal offer. 

Send us $1.00, and we will send you Modern Machinery 
for one year, and we will also send you, free of all 





charges, one of our Improved Gravity Stylo Pens, an 
improvement over the ordinary fountain Pen. 


SUBSCRIBE AT ONCE 


MODERN MACHINERY PUB. CO, 


816 Security Building, Chicago, Ill, 




















MARINE. 


L MEATCINEERING 





The Only Publication 
in the World 





Devoted exclusively to Engineering as 
applied to Marine work is Marine 
Engineering 
TERMS OF SUBSCRIPTION 
Per Year Per Copy 


United States, Canada and Mexico, $2.00 20 cents 
Other Countries in Postal Union, 2.50 25 cents 


SAMPLE COPY FREE 


Marine Engineering 
17 Battery Place, NEW YORK, U.S. A. 








LEAKS 


Only 15 per cent. of the energy of a ton of coal burned 
under a steam boiler is converted into power. The 
other 85 per cent. is paid for, but lost. 

Mr. Businessman—how much of the real power of 
your business engine is lost through overlooked leaks, 
opportunities to sell that you never even heard about ? 


PRESS CLIPPINGS 


will save you much of this lost business energy. They 
will stop up the selling leaks, open up new markets for 
your goods and find you buyers whom you would never 
hear about in any other way. They will place before 
you every scrap of information printed in this country 
pertaining to your line of business and give it to you 
from day to day while it is fresh and valuable and 
before your competitors have even heard of it. 


The International Press Clipping Bureau 


the largest press clipping bureau in the world, will 
send you everything printed in every newspaper, mag- 
azine or trade journal in the country, on any subject 
you may select. 


This Bureau reads and clips £5,000 papers and 
other periodicals each month, and even if you 
are now a subscriber to some other clipping 
bureau, it will pay you to investigate our su- 
perior service, Write for our book about Press 
Clippings and our Daily Business Reports and 
how they may be applied to your profit. We 
will send it to you free and will also quote you 
a special bargain rate fora trial month, if you 
will name the subject. 


INTERNATIONAL PRESS CLIPPING BUREAU 


103 Boyce Building, CHICAGO, ILLINOIS, U S. A. 





















































ENGINEERING WORLD 


A MONTHLY JOURNAL DEVOTED TO 





Civil, Mechanical, Electrical, Mining and Architectural Engineering and 
Construction as well as Manufacturing in all its Phases 








One Dollar a Year 
For the Advertiser—A thoroughly high-class circulation among Engineers, 
Contractors, etc., in the Middle West—The ow/y Engineering 


Periodical to cover the richest Engineering Territory—Our adver- 
tisers are satisfied—Rates on application. 





For the Subscriber—Feature Articles by Halbert P. Gillette, M. A. S. 
C. E., and timely Engineering matter prepared by our editors— 
Editorials, Book Reviews, Construction News, Proposals, Notes, etc. 





Ofiices of Publication, * - - Manhattan Building, Chicago 
New York Office, -_ =e = & 1267 Broadway 























Want to Reach the 
Railroads of the 
Entire World ? 


You can do so by advertising in THE RAILROAD 
GAZETIE. We publish two editions—one in New York 
and another in London. If you advertise in the American } 
edition your advertisement is reprinted in the latter without i 
extra charge. 

Amongst railroad officials the circulation of the e 
RAILROAD GAZETTE is greater than the combined circu- 
lation of all other railroad papers. It covers all depart- 
ments of railroading and is a recognized authority. We 
publish all the standard railroad books. 


ap age [ 
Advertising rates on application. 


THE RAILROAD GAZETTE fie tsednoce chicago." 


Queen Anne’s Chambers, London. 
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** Compressed Air” 


PUBLISHED MONTHLY 


This is the only publication devoted to the useful applications 
of compressed air, and it is the recognized authority on all mat- 


ters pertaining to this subject. 


Rates of Subscription 


United States, Canada and Mexico, - - - per year, $1.00 
All other Countries, = - - - - - * 1.50 
Single Copies, - - - - - - 10 


List of Books on Compressed Air 


Volume No. 10, “Compressed Air,” = - a - cloth, 2.00 
March, 1905-February 1906, inclusive. The twelve numbers 
“Compressed Air,” which make up a summary of a year’s 
events, including descriptions of important compressed air 
installations and applications, all well illustrated with fine 
half tone engravings and line cuts. 


“ Compressed Air Information,’ Edited by W. L. Saunders, 
- - - - - - - - - cloth, 5.00 


A cyclopedia containing Practical Papers on the Production, 


Transmission and Use of Compressed Air. 


“ Pumping by Compressed Air,’ by Edward A. Rix, - - 45 
A practical treatise on this sublect, containing valuable in- 
formation, with diagrams and tables. The different systems 
are described and compared, and the advantages of each 


impartially stated. 


“ Compressed Air,” by Frank Richards, - - cloth, 1.50 


Contains practical information upon air compression and the 


transmission and application of compressed air. 



































“ Liquid Air and the Liquefaction of Gases,” by Prof. T. 
O’Conor Sloane, 350 pages, - - - - - $2.50 


Experiments upon the Transmission of Power by Compressed 
Air in Paris, by A. B. W. Kennedy, F. R. S. M. Inst. 
C. E., Emeritus Professor of Engineering in University 
College London. The Transmission and Distribution of 
Power from Central Station by Compressed Air, by William 
Cawthorne Unwin, B. S. C., F. R. S., M. Inst. C. E., - 50 


‘“‘ Electrician’s Handy Book,’ by Prof. T. O’Conor Sloane, 


800 pages, leather, " - - - - - - 3.50 
A practical hand-book on electrical work for the engineer and 
non-technical man. 

“ Mechanics of Air Machinery,” by Julius Weisbach and 

Gustav Hermann, cloth, - - - - - - 3.75 
“ Tunneling,” a practical treatise, by Charles Prelini, C. E. 

with additions by Charles S. Hill, C. E. 150 diagrams 

and illustrations, cloth, - ‘ - - - 3.00 
“ Transmission of Power by Fluid Pressure,” by Wm. Don- 

aldson, M. A., (M. Inst. C. E.) Cloth, - - - 225 
“ Modern Machine Shop Construction, Equipment and Man- 

agement,” by Oscar E. Perrigo, M. E., - - - 5.00 


FORWARDED POSTPAID ON RECEIPT OF PRICE. 


COMPRESSED AIR 


Published by 


THE KOBBE CO., 


90-92 W. Broadway, N. Y. 




















WHEN BUYING MACHINERY 


Use the Lists in Our 


BUYERS’ GUIDE, containing 1287 HEADINGS 
and 1100 NAMES of leading manufacturers 
and contracting concerns in about 250 pages 





The GUIDE is 15c., or with sample copy of ENGINEERING NEWS, 25c , stamps or coin 


Don’t delay, as its use will save you time 











ENGINEERING NEWS 
220 Broadway 


NEW YORK, N. Y. 

















“COAL” 


(FORMERLY COAL AND TIMBER) 


A WEEKLY REVIEW OF 


COAL, COKE 


AND 


Hindred Interests 








Special Features 


Live News of the Coal and 
Coke Districts and 
Technical Articles written 
in simple style. 


$2.00 per year 
Write for Advertising Rates. 





Cc. W. SMITH, Publisher 
802 Arrott Building 
PITTSBURGH, PA. 


Used & Officers of all Railroads 


 cewise ion THE POCKET LIST OF 
Subscriptio -rice 
$1.00 per annum RAILROAD OFFICIALS 
Advertising rates on application. 
THE OFFICIAL 
RAILWAY EQUIPMENT ss assvep montuty) 
REGISTER Descriptive of freight and passenger cars 
of the Railways and Private Companies in 
the United States, Canada and Mexico. 


Subscription Price, $6.00 per annum 
Single copies, $1.00 


The Railway Equipment and Publication Co. 


24 Park Place, New York 


(ISSUED QUARTERLY) 




















PATENTS 


procured promptly and with care in all 
countries. Trade marks and copyrights 
registered. 


DAVIS & DAVIS 


ATTORNEYS-AT-LAW 


WASHINGTON, D. Cc. 
220 BROADWAY. NEW YORK 
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HANNA ENGINEERING WORKS 


820 ELSTON AVE., 


CHICAGO, ILL. 


Hanna Riveters 








Hanna Shakers 








FULL PARTICULARS CHEERFULLY GIVEN. 





Compressed Air 


JUNE 


WILL CONTAIN, AMONG OTHER ARTICLES, THE FOLLOWING 


Economy in the Operation of Coal Mine Power 
Plants, ~ - - - F. C. WEBER, M. E. 


Modern Methods of Rock Excavation. Well 
Drilling Machines Operated by Compressed 
Air on Heavy Contract Work, - W. R. HULBERT, M. E. 


The Comparative Merits of Air and Electric 
Drills, . - - GRANVILLE E. PALMER 


Submarine Drilling in the Clyde, near 
Glasgow, - ~ ~ - E. F. SHAEFER, M. M. E. 


Cleaning the Hippodrome by Compressed Air 


Practical Items for Practical Men 

















NOTSELESS AND VALVELESS COMPRESSORS 


Gi SPEED §— LIGHT WEIGHT ~ 4 NO REPAIRS 


re: a - FOR —-— — 6 
iat sale TOOLS ® PY SOFFICE ‘BUILDINGS. 
FHAMMER DRILLS ‘ [MOTOR TIRES? 
Tlie -waelvipainic ma IR LIFT. .PUMPS?# 


RIX COMPRESSED AIR '& DRILL CO. 


SAN FRANCISCO,CAL. 








CHICAGO PNEUMATIC TOOL Co. 


Fisher Building, CHICAGO 
95 Liberty Street, NEW YORK 


Manufacturers of the 


Boyer and Keller Tools 
‘‘Little Giant,’’ Boyer 
and Keller Air Drills 
and Air=Cooled 
Duntley 
Electric 
Drills 












Electric Motor Hoists, 
Geared Motor & Straight 
Lift Air Hoists and full 
line of Pneumatic Appliances 
New Catalogue 17 ready for distribution. 


‘ Most complete Catalogue of Pneumatic 
% Tools and Appliances ever issued. 








Quick-as-Wink 
Couplers 


For Air or Steam Hose 





Universally approved by Mining and Engineering Companies, Railroad and other 
Machine Shops, Bridge Companies, Etc. 

Clean or gritty, they OPERATE INSTANTLY; they stand the PRESSURE and 
THEY SWIVEL. 

They are made with or without attached releasing levers. 


The W. J. CLARK CO., 35 Depot Street, SALEM, OHIO. 

















